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FOREWORD

This report was prepared in the Cobb Chemical Laboratory, University of
Virginia, under USAF Contract AF 33(616)-3234. This contract was initiated
under Project No. 7331, "Hydraulic Fluids", Task No. 73313, "Hydraulic Fluids".
It was administered under the direction of the Materials Laboratory, Directorate
of Laboratories, Wright Air Development Center, with Mr. George Baum acting
as Project Director.

This report covers work conducted from October 1956 to October 1957.
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ABSTRACT

This is a continuation of a laboratory program on the evaluation of the
oxidation patterns of synthetic fluids in the presence and absence of inhibitors
and metals in the temperature range 4000-700F. Two methyl chlorophenyl
silicones, F-50 and F-60 were examined at 5000F and 600&F. N,N'-di-2-naphthyl-
p.-phenylenediamine in 0.1 - 0.2% was the most interesting additive. Work
with a mineral oil, MLO 57-30, did not reveal additives of outstanding activity.
Substances containing sulfur and selenium showed promise, but some attack om
silver and copper. The experiences with four tetra-substituted silanes showed
that these substances did not have outstanding response to additives. A
series of runs with a pentaerythritol ester, MLO 55-584, indicate that ring
substituted aryl amines have considerable antioxidant activity over the
range 4000-5000F. Some additional data for bis-(2-ethylhexyl) sebacate are
included to compare the promising amines with the phenothiazine type. The
former retain the inhibition of activity over a wider temperature range.
Some attention was given to determining the nature of the components in an
oxidized diester which contributes to the acidity. It appears that some
improvement may be achieved in a partial oxidized fluid by washing with
hydrocarbon solvents. The limitations of a laboratory test procedure are
discussed, especially with respect to the evaluation of the effects of the
test metals, aluminum, silver, copper, titanium and several steels.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

R.T. SCHWARTZ
Chief, Organic Materials Branch
Materials Laboratory
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HIGH TEMPERATURE ANTIOXIDANTS FOR SYNTHETIC BASE FLUIDS.

A. Introduction.

The work in this report is a continuation and expansion of the
work initiated originally under Contract AF 33(038)-22947 in the
Department of Chemistry, University of Virginia. Under this contract
a survey was made and a technical report was prepared on the pertinent
literature. An experimental procedure was devised for comparing
the oxidative behavior of blends of fluids containing about 300
selected additives in the presence and absence of metals. Particular
attention was given to elucidating the antioxidant behavior in the
temperature range 204o-2600 C (4000-500°F) of plienothiazine, its
derivatives and typical compounds representing both organic and
inorganic substances. The oxidation medium included the following
types of synthetic fluids: esters, silicates, silicones and
phosphates. The pertinent WADC technical reports and publications
are listed in the bibliography.

The work reported in Part VII of this series and continued
herein was under Contract No. AF 33(616)-3234. It is a continuation
of the program under the former contract and was initiated 1 October
1955 to determine the oxidation pattern of additional selected
additives in various new synthetic fluids, and to extend the
oxidations in the promising systems to higher temperatures. In
Part VII some exploratory oxidation runs with silicones and silanes
were reported at temperatures as high as 370°C (7000F). Several
additive systems were shown to have promise at the higher temperatures.
In Part VIII more attention was given to intermediate temperatures
with the view of obtaining information which might be used for
recommending blends for engine tests.

The oxidation procedure was essentially the same as previously
described in detail. The fluid in a Pyrex brand test cell with glass
fittings was heated in an aluminum block, thermostatted furnace while
dry air or a gas mixture of 95 % nitrogen and 5 % oxygen was passed
through the fluid in a tube inside the overhead condenser and extending
to the bottom of the test cell. In most runs, the test metals con-
sisted of aluminum, copper, silver, titanium and one of several steels.
The metals were polished washers mounted on the air tube with 3/8 inch
glass spacers. For all of the cases reported herein, the volume of
fluid was 25 milliliters and the gas flow was one liter per hour. In
many of the earlier evaluations, a larger test cell holding 100 milli-
liters of fluid with a gas flow of five liters per hour was employed.
The results were not strictly comparable; but, when examined in light
of the behavior of a controlled blend, it is possible to correlate the
.behavior of the various additive systems.

"Manuscript released by author 24 October 1957 for publication as a

WADC Technical Report".
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The original problem was to change the properties of a fluid
by additives so that after a known period of oxidation at a given
temperature the viscosity change, the acid accumulation, and the
effects of the test metals would meet described specifications.
The blend selected as a basis for comparison of other systems was
1% phenothiazine in bis-(2-ethylhexyl) sebacate (Plexol 201). While
oxidation runs without additives have some value as blanks, there are
enough sources of error in the procedure to cause considerable variation
in the behavior of the uninhibited fluid. The accumulation of acids
in a blank fluid was such that the neutralization number appears to
approach a maximum. The air delivery tubes are subject to clogging
as solid matter is formed and the viscosity increases. Even with a
blend as the blank the experimental procedure still left much to be
desired when small differences in behavior of the additive are to be
interpreted in terms of recommendation for engine uses. The writer
has very little knowledge of how the laboratory tests correlate with
the next step Ln the development of a fluid, but it appears that
additional attention is needed for better ways of evaluating additive
systems in the laboratory if the purpose is to select the optimum
blend on the basis of small differences.

In some other studies, designed to elucidate the mechanism of
antioxidant action, it appeared that those additives, which were most
active in inhibiting or retarding oxidation, gave rise to products
which become insoluble in the fluid ahead of the loss of effectiveness
or the end of the induction period. It also appeared that by treatment
with solvents some of the oxidized products could be removed and the
acidity of the fluid lowered.

The problem of evaluating the effects of metals is very
difficult. An attempt was made to express the quantitative effect
of metals in the form of change in weight of the test metals during
an oxidation run. It should be emphasized in reporting the metal
weight change in mg/cm2 that the effects are magnified. This arises
because the weight differences in the test specimens were determined
on an analytical balance to about one-tenth milligram and then
multiplied by a factor. Considerable inconsistences in the results
arose from the method of handling the test metals after an oxidation
run. First, the metal was washed with benzene and acetone. If this
did not-remoye the film from the oxidized metal, the surface was
rubbed somewhat stronger with tissue, and then with fine glass wool,
with the view of removing only the surface film. However, it was
observed that different operators apply varying pressure to the metal
surface when trying to remove a film of oxidized fluid or additive.
With silver and copper these effects are practicularly troublesome and
at times some of the metal seemed to be removed with the tissue. In
the interpretations the data showed that silver was not generally
appreciably attacked by the amine-type additive, and the copper was
only slightly attacked when the weight loss was reported in the
neighborhood of 0.5 mg/cm2. The main conclusion from the presence of
metals, when the changes are of small order, was that some metals have
catalytic action at least for a portion of the oxidation. However,
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account must be taken of the cases where metals, especially copper,
appear to enhance the antioxidant activity of some additives,
particularly aryl amines.

The quantities of additives employed were usually molar
equivalent weights based on the formula of phonothiazine as the
standard. For example, 0.25 grams of phenothiazine in 25 ml was
approximately one per cent by weight, and 0.27 grams was the same
number of moles of IO-methylphenothiazine. In all reports the
relative effects of antioxidants, inhibitors and oxidation retardants,
it is strongly recommended that molar equivalent quantities be
used as a basis for comparison. In preparing a mixture for an
oxidation run, the ability of the fluid to form a homogeneous system
with the additive was noted. Since the molar equivalent quantities
of substances were being compared, the run was performed even though
all of the additive did not dissolve at room temperature or on heating
on the water bath. In practically all cases with effective additives
these systems became homogeneous at the oxidation-test temperature.

In comparing the behavior of additives when the view is to
select the best system, all of the data must be considered to show
subtle differences. A scheme was devised for the comparison of
additives in which an index number represents the summation of various
property changes. While convenient in some instances the method has
limitations. The behavior of volatile acid products sometimes
appeared to lower the value of the index number and to give the
impression of a better system than was the case. In order to show all
effects of oxidation of a blend all of the significant data for each
of the fluid systems examined during the past year are tabulated
under each fluid. An effort is made to point out the more promising
systems in the discussion sections that follow. This involves some
subjective analysis as well as the intuition of the writer in some
instances.

A page index to the runs for the various additives for Parts
VII and VIII of the technical report series is given in Appendix I.
Also included are the sources of the additives and fluids. At this
point, some explanation on the purity of additives is needed. For
those substances obtained through commercial sources, where the
purity was not equivalent to Eastman Kodak White Label, the
substances were further purified by appropriate crystallization,
sublimation or distillation. For materials obtained through WADC
channels the substances were used as received. The effect of the
purity of additives is interesting. For the phenothiazine type it
appeared to make little difference whether a highly purified sample
was used. For some of the amines, the higher the purity the better
the effectiveness. This aspect is being continued as a problem
under another type of support.

In the following section these fluids were new during the
current contract year and experiences with them are reported for the
first time: A naphthlenic mineral oil, MLO 57-30, two methyl chloro-
phenyl silicones, F-60 and F-50, didodecyl dioctyl silane, MLO 57-161,

WADC TR 53-293 Pt VIII 3



and A-octadecyl-tri-n-octyl silane, MLO 56-578.

Some experiences with the other fluids have been previously
reported, but the tabulated data represents new work with the system,
either for purposes of establishing blanks or for comparing additives
under new conditions.

B. Oxidations in Mineral Oil. LO 57-30.

This is the first account of experiences with a mineral oil.
This fluid was suggested for evaluations by the Materials Laboratory,
Wright Air Development Center. Presumably it is of naphthenic base
and is designed for upe at temperatures in the neighborhood of 5000 F.
It exhibited considerable inherent stability at this temperature.
While no additive was dramatic in action several retarded the increase
in viscosity. Those of some promise include: diphenyl sulfide,
phenothiozine, diphenyl selenide, 2, 2'-dibiphenyl diselenide, p' ,p'-

dioetyldiphenylamine (recrystallized) and 2-phenylbenzoselenazole.
The selenium compounds showed slightly more oxidation retarding
properties, but also attacked silver and copper more vigorously. In
Table 1 the additives are listed in approximate decreasing order of
effectiveness.

The main property change for evaluation purpose is that of
per cent kinematic viscosity change. Values for this have been
determined at three temperatures, 130°, 2120 and 3830 F, Table 1.

The viscosity increased linearly with oxidation time, both
in the absence and presence of additives and the test metal washers.
The changes in acidity were not of sufficient magnitude to be of
value in the screening of additives. The "evaporation losses"
expressed as per cent weight loss are erratic and do not reflect,
except qualitatively, the effect of an additive in inhibiting or
retarding the oxidation rate. The erratic behavior in part arises
from bumping in the oxidation cells and splashing of liquid on the
adapter and condenser walls. The intensity of bumping increases with
time and appears to be associated with a more volatile product,
produced either by oxidation or pyrolysis. It might be presumed
to be water to a considerable extent. No attempt was made to analyse
the mixture to be sure of this assumption.

The isooctane insolubles were determined in two ways. First,
the oxidized mixture was filtered and the residue washed with isooctane.
This residue is termed "isooctane wash", W', Table 1. The amount
was usually small. The second value, P1 in Table 1, is the per cent
insoluble matter precipitated by addition of isooctane to the filtered
oil. These values are somewhat erratic and do not help much in
evaluating the effectiveness of an additive. The detailed procedure
for separating and analysing the solid fractions is included later
in the section on bis-(2-ethylhexyl) sebacate.

The effect of this mineral oil under oxidation with metals is

not clearly shown because of the inherent difficulties in interpreting
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the behavior of metals. In Table 1, two values are given for the weight
losses in the test metal washers. Both are in milligrams per square
centimeter. The first values are for the losses observed after cleaning
the metal with benzene and acetone and soft tissue. The second values
are the additional weight losses arising from more vigorous cleaning
with fine glass wool and the solvents.

The oxidized fluid itself did not attack the metals severely, so
the changes observed reflect the effect of the additives on the test
metals. The sulfur containing additives, showing promising oxidation-
retarding capacity with surprising low attack on silver and copper,
were phenothiosine and diphenyl sulfide. For the selenium compounds
2-phenylbenzoselenazo.e scarcely attacked the metals, but it was less
active in retarding oxidation than diphenyl selenide. The amines showing
oxidation retarding activity generally did not strongly attack the metals.
The most promising of the amines is recrystallized p,*'-dioctyl diphenyl-
amine, followed by phenyl-alv•-naphthylamine and dipyridylamine.

The results with the spectrum of additives in this mineral oil
indicate that several types may have promise as antioxidants and
oxidation retarders. Some modification of the basic structures by
substituents may be indicated to reduce volatility and increase the
solubility. There is also some indication that mixtures of additives
at the same total equivalent 6oncentration will allow the use of lower
amounts and promote more homogeneity in the system throughout its
period of use.

C. Oxidations in a Methyl Chlorophenyl Silicone. F-60

This is the first report of e~periences with this fluid. Oxidations
were performed on two batches at 500 and 6000 F. The first batch of 1
gallon in a metal container arrived 9 September 1956 from Material
Laboratory, Wright Air Development Center. The results are noted in
Table 2. The second batch of 1 quart in a glass bottle arrived 3 March
1957 and was labelled Dow-Corning F-60 Stock No. 7500-DL. The data for
this batch are in Table 3.

The results with the two batches are essentially in agreement in
the patterns of behavior toward additives and metals. The oxidatiens at
500OF were performed on 25 ml samples with dry air at 1 liter per hour.
Most of the runs at 600OF were performed under the same conditions
with a dry gas mixture consisting of 95% nitrogen and 5% oxygen.

The most attractive oxidation inhibitor and retarder was NN'-
di-2-naphthyl-k-phenylenediamine. A concentration of 0.2% prevented
a significant increase in the kinematic viscosity for at least 48
hours at 500°F and 12 hours at 6000 F. The changes in neutralization
numbers were small and this measurement is not of great value in
screening and comparing additives.

This fluid under oxidation attacked copper slightly more than
the other test metals, but the metals appeared to have very little
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effect in catalyzing the oxidations. The formation of insolubles was not
dramatic. The slight effects are more clearly shown with the second
batch; Table 3.

This additive is not as readily soluble as would be desired, but
lower concentrations might be employed in practice if the available
oxygen concentration is low. Some attention was given to the effect of
additional purification of the commercial sample of N,N'-di-2-naphthyl-
:-phenylenediamine. This substance was obtained as P5691, yellow label,

Eastman Organic Chemicals. It was of grey-green color. A portion was
placed in boiling ethanol and the mixture filtered. Only a small amount
of N,N'-D-di-2-phenylenediamine dissolved in the alcohol, but this
washing process helped to rmove some impurities* A portion of the
alcohol washed solid ias dissolved in boiling acetone followed by
filtration. Small granules of a almost white color precipitated on
cooling. These were washed with cold ethanol and recrystallized from
acetone. On drying by pulling air through the filter, the granules
acquired a slight greenihh tint. The results with the purified materials
are reported in Table 2 and are designated by Footnote a/. The purification
did not cause any significant change in the oxidation inhibiting behavior.
Additives of ring substituted phenylenediamine types are also attractive,
and may have better solubility characteristics. The results in Table 2
indicate that quinoid structure apparently possesses the oxidation
inhibiting activity and that aryl substituents on the nitrogen are
preferred.

In one instance vanadyl-2-ethyl hexoate was mixed with N,N'-di-2
naphthyl-R-phenylenediamine but the combination showed no special
advantages. The former has some oxidation inhibiting qualities but the
effects were not dramatic. Other additives exhibiting some promise
as oxidation inhibitors at 5000 and 600°F were diphenylguanidine, di-2-
naphthylamine, acridine and 2,2'-dipyridylamine.

In some runs with mixtures of N,N'-di-2-naphthyl-2-phenylenediaaine
and acridine there appears to be some enhancement of the oxidation inhibit-
ing property as well as an apparent decrease in an attack on copper. The
limited supply of this fluid prevented further exploration of the effect
of mixtures, particularly derivatives of morpholine. However, it is
probably reasonable to assume that the same consideration will hold with
this type as shown with the F-50 fluid, Table 5. Attention should be
called to Ruzi 329.10 in which 2-phenylbensoselenasole and g-aminoethyl-
morpholine were used. It appears that the morpholine may have some
inhibiting effect on the selenium compound.

To show more clearly, the behavior of insolubles in the methyl
chlorophenyl silicone fluids, the data are tabulated separately;
Tables 4 and 6. A part of the section on bis-(2-ethylhexyl) sebacate
describes in detail the experimental procedure used for getting values
for four types of insolubles. In brief, at 5000F, the oxidized fluid
was filtered through a weighed porcelain crucible with asbestos mat.
As much as possible of the liquid was drawn through the filter with
suction. Then the crucible was weighed and the change in weight'expressed
as per cent oil insoluble. Next, the residue was washed with isooctane,
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sucked dry and weighed. It appears with the methyl chlorophenyl silicone
fluids that there was very little oil insoluble matter produced because,
upon evaporation of the isooctane wash, the residue was mainly the
starting fluid. Washing the filter mat with acetone generally did not
show any significant change. Finally, the oil f•ltrate was treated with
two 50 ml portions of isooctane and the precipitate separated by the
centrifuge. The quantities precipitated could be a measure of some of
the more polar substituents formed on oxidation. With N,N,-di-2-naphthyl-
R-phenylenediamine the quantity of precipitate seemed to be roughly
a function of the concentration of additive and the temperature. When
the concentrations were in the neighborhood of 0.1%, the isooctane
precipitate was usually small. When the expression "not filterable"
was used in the tables the implication is that filtration was very slow
and a useful guantity of filtrate could not be obtained in a reasonable
time. At 600 F the insoluble effects are such more apparent. Here,
comparison of a blank oxidation, Run 409.5, with a sample of fluid
containing NN' -d-2-naphthyl-R--phenylenediamine, Run 409.6, suggests
that the additive may have some effect in reducing the insoluble matter.

A comparison of the results on the F-60 fluid with the data on
the F-50 fluid indicates that the F-60 fluid possesses a greater
inherent stability. The general appearance of the infra-red spectra
on both oxidized and unoxidized samples of both fluids are essentially
the same. This suggests that the difference may be due to a higher
phenyl content in F-60. In future work with this type of fluid it is
suggested that more attention be directed toward learning more about
the oxidation and thermal degradation processes. It is not possible
on the basis of data herein to separate the two processes clearily.
In future work with additives at higher temperatures it is suggested
that more attention be given to evaluating other aryl amines and
phenylenediamines, both from the point of achieving better antioxidants
and greater thermal stability of the additives.

D. Oxidations in a Methyl Chlorophenyl Silicone. F-50 TyMe.

This is the first report of experiences with a fluid labelled
F-50. However, considerable experiences have been reported previously
(Part VII) with the closely resembling fluid, MLO 53-446. About a
one gallon sample of F-50 was received in a metal container through
WADC cbannels on 18 March 1957. It was labelled Lot No. 124,
Versilube F-50, Silicone Fluid from Silicone Products Department,
General Electric Company. Tables 5 and 6 contain the detailed
experimental data for this fluid. The quantities of additives listed
in the table are expressed in grams per 25 ml of fluid. Multiplication
of the gram weight by 4 gives an approximate value of the per cent of
the additive.

N,N'-di-2-naphthyl-g-phenylenediamine appears to be the most
generally available and useful additive for this fluid. However, the
same solubility considerations hold as described for the F-60 fluid.
Some related types of phenylenediamines, acridine, diphenylguanidine,
2,2'-dipyridylamine, R-aminodiphenyleneamine, and 2,4-bis-(phenyl
mercapto) toluene, also showed inhibiting properties. Of some academic
interest was Morgan's Base, which is a dibenzo acridine. This substance
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is less volatile than acridine and appears to have considerable inhibiting
activity.

Table 5 shows the effect of time of oxidation and concentration
of N,N'-di-2-naphthyl-k-phenylenediamine at 5000F. There appears to be
an induction period up to 48 hours. The concentration of additive is
not critical in the range 0.1-0.2%. At 600WF this additive also has
some effectiveness, but as with F-60, it is difficult to distinguish
between thermal and oxidative effects. Mixtures of additives with N,
N'-di-2-naphthyl-k-phenylenediamine may have lowered the attack on the
metals, but they did not promote any outstanding or novel oxidation
inhibiting properties. It is premature to eliminate mixtures from
further consideration because better techniques are needed to determine
the corrosion effects, particularly on silver and copper. In no
instance, at 5000F, was the attack on the test metals of large order,
except in the case of 2,4-bis-(phenyl mercapto) toluene. At 6000F there
seems to be an increased effect of corrosion on stainless steel in all
systems.

In several determinations of the kinematic viscosity change, two
values were reported for 54.50 and 1000C. In determining the kinematic
viscosity at these temperatures it has been customary to use a viscometer
of the 300 series in order to have a reasonable time flow. In all
determinations at 195OC a smaller bore viscometer of the 290 series was
used. In those cases where there was considerable oidation of this
silicone fluid, the per cent viscosity change at 195 C was higher than
might have been expected. In Table 5, for those cases where the kinematic
viscosity were determined in a 200 series viscometer at the three
temperatures, the values at 54.50 and 100°C are shown in parenthesis.
It is suggested that some type of surface effect is responsible for the
anomalies shown. The conclusion on oxidation inhibitors, however, are
not seriously affected by this finding.

The overall behavior of the F-50 fluid appears to indicate this
fluid has less stability than F-60. The difference is assumed to arise
from small amounts of unknown impurities. Some attention has been given
to chromatographic separation of both the oxidized and unoxidized fluids
followed by obtaining the infra-red spectra of fractions with a Perkin-
Elmer, Model 21B, Infra-red Recording Spectrophotometer. The range of
this instrument is from 2-15 microns (5000 cm-1 to 650 cm-1 wave numbers).
The chrxbmatographic apparatus constructed is a modification of that
described in WADC TR 54-464 Pt III, ASTIA Document No. AD 118215.
Comparison of the spectra with that reported for known silicone compounds
showed some expected bands. However, assignment of compositions to
the chromatographically separated fractions is speculative. It should
be mentioned that from unoxidized F-50 a small amount of solid was
isolated after elution .Zrom alumina with an ethanol-water mixture. It
does not seem to have a chloro group in it and loses considerable weight
on strong heating to leave a white residue. The infra-red spectrum is
not readily fit to known substances. Additional study is needed on this
aspect.
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E. Oxidations in a Methyl Chlorophenvl Silicone. 81,06. (MWO 53-446)

The oxidative behavior of this fluid was studied in considerable
detail during the previous contract and last year. Parts VI and VII
of this series of technical reports contain the details of many
oxidation runs, both alone and in the presence of additives and metals.
This fluid appears to be very similar to the F-50 fluid and the general
considerations discussed in the preceding section will apply. During
the current year runs were performed with N,N,-di-2-naphthyl-•-phenylene-
diamine, which had been shown to be of promise, to determine the minimum
equivalent quantity needed to produce maximum oxidation inhibiting
effect with low attack on the test metals. The quantities of additives
listed in the tables are expressed in terms of grams per 25 ml of fluid.
The multiplication of the gram quantity by four gives an approximate value
of the percentage of the additive. See Table 7.

At 500OF in the presence of aluminum, silver, copper, stainless
steel and titantium, quantities of N,N'-di-2-naphthyl-R-phenylenediamine
as low as 0.20% held the viscosity change within 30% for 48 hours in the
presence of 95% N2 and 5% 02. With air under the same conditions the
viscosity change was about 50% in 24 hours. With a concentration of
about 1.0% N,N'-di-2-naphthyl-E-phenylenediamine the viscosity change
was held within 10% for 48 hours in the presence of air. The response
to concentration is not necessarily linear and there appears to be azi
optimum quantity for most efficient use. For possible operating
conditions it is suggested that about 0.2% be tried.

A few other additives were examined at 500°F, but only N,N'-di-
(2-methyl-3-chlorophenyl)-R-phenylenediamine appeared as good as N,N,-
di-2-naphthyl-2-phenylenediamine. However, it was noted with this
fluid that k-aminodiphenylamine has an interesting functional system
and gave indication of considerable activity at low concentrations
with very little effect on the test metals. Work with this silicone,
MLO 53-446, was discontinued in favor of the more thermally stable
F-60 type.

F. Oxidations in the Silanes,

Four tetra substituted silanes were examined during the current
year. These were: didodecyl-dioctyl silane, MLO 57-161 and MLO 56-611;
n_-octadecyl-tri-n-octyl silane, MLO 56-578; and diphenyl-di-.-dodecyl
silane, MLO 56-280. In the previous year some exploratory runs were
made with the tetrakis-n-dodecyl silane, MLO 54-408D. The results were
reported in Part VII of this report series. The new data are included
in Tables 8, 9, 10 and 11.

The general pattern of oxidation of the silanes indicate con-
siderable inherent resistance to oxidation in these types of fluids
under the conditions of the evaluation. No additive showed outstanding
antioxidant or oxidation retarding effects. The blank runs without
additives were somewhat erratic. This presumably is due in part to
excess bumping of this type of fluid during the oxidation run. 'The
additives while not changing the general pattern significantly, did
promote more monsistency in the behavior. Selenium containing
additives seem to be the most effective. However, the behavior could
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not be related to concentration. Some heterocyclic amines alm showed
some inhibiting action. It appears that too large a quantity of
additive might catalyze effects due to oxidation or thermal degradation.
Of several selenium additives examined 2-phenylbenzoselenazole appeared
to be the most versatile. This substance retards oxidation and attacked
copper and silver least of the selenium compounds examined.

It is difficult to rate the silanes in order of stability. In an
approximation the di-W-dodecyl-di-n-octyl silane, MLO 56-611, appears
to be the best.

For future work with the silanes it is suggested that a larger
variety of additives be screened, especially those which showed
activity at high temperatures in mineral oils.
G. Q l.i a ethyl Phenvl Silicone. MLO 9840.

During the previous year the behavior of this fluid was investigated
in considerable detail. The results are reported in Part VII of this
series of technical reports. Table 12 contains four runs using acridine
to show the effects of purification of the commercial sample. The
fraction crystallized from ethanol appeared to have considerable more
inhibiting action than the solid fraction contained upon evaporation of
the solvent.

H. Ojdti n Pentaervthritol Ester. Hercules J-19. (MLO 55-584)

A series of oxidation runs were performed with this fluid at
400° and 500 0F, in the presence and absence of metals and with selected
additives, to determine which of several additives appear to be the
best for fatiu-e evaluations under more practical conditions. The
results are in Table 13. The standard for comparison is the phenothiazine
type. At 400°F this type was very effective, but it had little action
at 500 0 F. One of its main drawbacks is the formation of oil insoluble
matter as an end product. No convenient way has been found to eliminate
this "dirtiness" factor.

The general pattern of behavior of this ester is the same as that
of bis-(2-ethylhexyl) sebacate, which has been studied in much detail.
During the current year new attention was given to several aryl-amine-
type additiles. Diphenylamine showed some effectiveness at 400OF with
only a small amount of "dirtiness". However, at 500OF it showed no
activity. This is in part due to volatility because di-2-naphthylamine
did retain its activity at 5000 F. The behavior of 2,2,-dipyridylamine
continues to be interesting in the presence of copper. Under these
conditions this amine showed promising antioxidant activity at both
400° and 5000F. A thesis problem with this substance gives some
indication that a copper-coordination compound is related to the
antioxidant activity. With an amino group in the para position, as in
p-aminodiphenylamine, the temperature range of the oxidation inhibiting
effect was increased and at 500°F this additive showed considerable
promise. It did, however, form some oil insoluble matter, but to a
somewhat lower extent than phenothiazine. Presumably, the p-amino system
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is acting in the same manner as the phenylenediamines, because in an
amino diphenyl (CCL No. 367) the activity is not retained at the higher
temperature.

A number of commercial preparations of the "Age-Rite" type were
examined. Several showed some effectiveness in retarding increases in
kinematic viscosity at 5000 F. Perhaps the most attractive was "Age-Rite H.P."

Several mixtures of additives were explored but none showed out-
standing properties. For future work with the pentaerythritol ester type
fluid it is suggested that more attention be given to pyridyl amines and
to amines of low volatility, such as substituted aryl amines.

I. Oxidations in Bis-(2-ethvlhexvl) Sebacate.

This fluid has been the standard of coapari~on for other fluids
since the beginning of this program. Whenever new additives were
acquired they were screened in this fluid first as a basis for comparison.
A system of 1% phenothiazine is considered the blank. The concentration
of additives used was the molar equivalent amounts to 0.25 gram of
phenothiazine in 25 milliliters of diester. During the current year
considerable attention was given to learning more about the behavior of
insolubles and the accumulation of acids in fractions obtained by
filtration and treatment with solvents. The results are in Tables 14,
15 and 16.

In the oxidation runs reported in Table 14, lO-methylphenothiaziiAe
is taken as a standard at 400°F. This substance has been shown to have
slightly better performance than the parent compound, phenothiazine. At
500F the pheaothiazine type showed very little antioxidant activity.
Diphenylamine in larger equivalent quantities was slightly active at
500 0 F, apparently because enough remained in the fluid to retard the
oxidation. Ring substituted diphenylamines showed more activity at the
higher temperatures. The most attractive appeared to be 2-aminodiphenyl-
amine. As previously reported, 2, 2'-dipyridylamine continues to be
attractive in the presence of copper.

An interesting aspect of NN'-diphenyl-k-phenylenediamine is that
recrystallization of the commercial sample from Eastman Kodak caused
consideffable increase in the antioxidant activity of the purified
compound. Of several "Age-Rite" types examined, "Age-Rite H.P."
appeared most promising. However, the differences among this series
were small.

Some of the morpholines were interesting in that they seemed to
have more activity at the higher temperatures. Two interesting new
substances were cadmium diamyl dithiocarbamate and 4,4'-bisthiopicolinamido
diphenyl. Both of these had some antioxidant activity but attacked
copper and silver. A very low concentration of 4,4'-bisthiopicolinamido
diphenyl in mixtures with phenothiazine and 2-phenylbenzoselenazole may
have some slight activity in preventing attack on metals.
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J. Acidity Effects in Oxidized Bis-(2-ethylhexvl) Sebacate,

A series of oxidation runs was performed in an attempt to show
the behavior of acid accumulation in several fractions of the oxidized
fluid, Table 15. The experimental procedure is outlined at the end
of this section.

As expected the percentage of fluid insolubles increased as a
function of the phenothiazine concentration. In the isooctane precipitate
the oil itself seems to be the main contributor. However, the acid
material in the oil insoluble fraction appears to arise more from the
fluid rather than the additive. The removal of oil insoluble matter
lowers the acidity of' the oxidized fluid only slightly. Perhaps the
best indication of extent of oil insoluble formation is the residue
remaining after washing with isooctane. This treatment removes
occluded oil and does not seem to dissolve an appreciable amount of the
insolubles. The acidity of this solid residue comes mainly from the
oxidized fluid, with only a small contribution from phenothiazine.

The precipitation of solids upon addition of a large excess of
iaooctane to the oxidized fluid, followed by centrifuging and weighing,
has been previously reported as per cent isooctane insolubles. The
values for the per cent of isooctane precipitate in Table 16, while
not strictly comparable because these values are for the precipitate
formed after removal of the oil insoluble matter, nevertheless do
point to the relative contributions of the oxidized fluid and the
expended additive. It appears that both are factors, but that the
fluid makes the major contribution after a fraction of the expended
additive has been removed by filtrations. The acidity of the isooctane
precipitates arise to a considerable extent from the fluid and presumably
is sebacic acid and some unknown substances.

The acidities of the oil after removal of the excess isooctane
indicate that some improvement of the fluid results from the isooctane
wash. No attempt was made to determine the optimum condition for washing
an oxidized fluid. The indications are that this procedure may be of
value in reclaiming a diester fluid provided the oxidation has not
been excessive.

As a *thesis problem this investigator expects to continue to study
the behavior of a few additives in bis-(2-ethylhexyl) sebacate to learn
more about their mechanism of behavior. Particular attention will be
given to studying those systems of metals and amines in which the metals
appeared to enhance the antioxidant activity. In some exploratory runs
this effect seems to be more general than originally expected. From time
to time the investigator will also examine other types of compounds
with interesting structures in order to fill-in gaps in the total picture
of antioxidant and oxidation retarders.

K. Procedure for Determination of Insoluble Matter

1. 0 A thin filter mat of asbestos (long fiber, acid-
washed) is prepared on the bottom of a 25 ml Gooch crucible and dried to
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constant weight in an oven at l060-llO0 C. About 5 grams of a uniform
sample of the oil is added to the crucible and suction from a water
pump applied. After pulling as much oil as possible through the filter,
the crucible and residue are weighed. The difference between the weight
of the empty crucible and the weight of crucible and residue is the
weight of oil insoluble matter.

The amount of filtrate from this step is determined by catching
the fluid going through the mat in a 10 ml weighed test tube placed
under the filter tube insidew, of a 250 ml suction flask. The crucible
is held during filtration by a glass filter crucible holder with most
of the top cut off so that only about 1 inch remains above the stem.
This shortened holder does not retain a significant quantity of fluid.
The difference between the weights of the test tube gives the amount
of filtrate. In calculating the per cent oil insoluble, the weight
of the fluid sample is the sum of the weight of filtrate plus the change
in weight of the crucible.

2. Iooetane Wash., The residue in the crucible is washed with 50 ml
of isooctane with gentle suction. After all the isooctane has been removed
from the filter and residue, the crucible is again weighed. The per cent
not removed by the isooctane wash is found by dividing the weight of
the residue by the weight of the fluid sample.

3. Actea. The residue in the crucible is weighed after washing
with 50 ml of acetone twice with gentle suction.

4. Isooctane Precipitate. The oil from the first filtration is put into
a 50 ml centrifuge tube and 50 ml of isooctane added and thoroughly mixed.
After standing for about 24 hours, the tube is centrifuged for 15
minutes, or until the centrifugate is packed tightly enough to allow
supernatant liquid to be removed easily. Another 50 ml of isooctane is
added to centrifugate and stirred. After centrifuging again and removing
the supernatant liquid, the solid in the tube is heated until all isooctane
has evaporated in an oven at 90-100°C. This isooctane precipitate is
the difference in weight of the empty centrifuge tube and the weight of the
tube plus solid. This is expressed as a per cent of the fluid sample.

The main error in the above procedure is in the value of oil
insolubles due to the uncertainty of pulling all of the oil through
the filter mat. The weighings are made to 10 mg for the filtrate, 0.1
ag for oil, isooctane and acetone residues, and to 1.0 mg for the
isooctane precipitate.

5. Neutralization Numbers. The determination of the neutralization
number of each of the residues and the fluids is of interest in the
possible reclaiming of partially oxidized fluids. To show the behavior
of the acidity of the solvents the filter crucible is placed in a
beaker and treated with the usual mixtures of water, acetone and
methanol, followed by titration with standard KOH as in a neutralization
number determination. The isooctane supernatant was evaporated back
to the oil and the acidity of a weighed portion of the oil determined.
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APPE0DIX I. Tables of Oxidation Data.

Oxidations im Mineral Oil, MLO 57-30 25 ,l Saqb1e Air flaw 1 l/ir.

Additive, CCL No., Formul~a, r-RWT Toent. I 'lime', JWeight ~Kinematic Viscosity ChREnee. Neutralization Is-can
Concentration, Metals Present (0o C I (13

0
) 100FC 1(183500 I Number :7 n b

so&*, me Metals 418.1 260 12 1.2 17.0 11.7 4.1 1.3 0.032 0.50

NOR*, Is Metals 418.2 26C 24 1.4 35.0 11.7 12.5 1.3 .058 0.50
(500')

Seas, No Metal. 418.3 0 48 3.0 72.3 52.5 30.7 1.0 .081 0.68
6(500:)

Neno. Al Ag Cu 8.S. Ti 418.4 20 12 0.8 11.9 8.1 0.0 1.3 .048 0-59
0.04 .18 .26 .12 -. 10 (500°)
0.04 .04 .02 .02 .02

Ne.e, Al Ag Cu 8.8. Ti 425.1 260 24 3.4 43.9 30.9 14.9 1.7 .010 0.63
0.12 .18 .2D .18 .00 (500e)

.04 .14 .14 .12 .18

Nene, Al Ag Ou 8.S. Ti 418.5 260° 24 1.4 41.5 29.1 11.3 1.2 .048 a.68
0.18 .14 .22 .32 .06 (500)

.04 .04 .02 .04 .02

None, Al Ag Cu 8.S. Ti 418.6 260" 48 1.4 60.0 38.3 39.4 0.9 .134 6.9
o.22 .22 .2D .4o .08 (50o0)

.06 .06 .lo .02 .04
Ns", Al g bu B.S. Ti 424.3 2600 48 6.7 82.4 56.3 36.0 1.0 .141 0.68

ooo.o oS .32 .04 (5000)
.02 .04 .10 .04 .02

Phenyl elsids, No. 28,'CB, 420.3 260° 24 4.5 14.3 10.0 4.9 1.4 .000 1.16
0.30g. Al Ag Cu 8.S. Ti (500e)

0.02-.14 1.78 1.10 .26
.18 .62 .46 .34 .24

282PO 0.15g. 429.10 260* 24 3.3 33.3 23.3 13.8 0.6 .019 0.97
Al Ag Cu S.S. Ti (50e)
o.18 .72-.04 .86 -. 36
.08 .18 .98 .18 .08

282P0B,0.30g.
Al Ag Ou 8.S. Ti 424.6 260e 48 10.8 59,5 42.8 27.8 0.6 .110 0.54

0.10 .54 2.54 1.14 .04
.06 .04 .06 .06 .00

(C6q)aSe
2, 2"-Dibipheayl diselenLdo,
N.. 314, 0.25g. 428.9 260 24 2.7 18.7 12.2 6.4 1.6 .045 0.50

Al Ag On 8.S. Ti (50°)
-0.36-2.06 5.6 .14 -. 22

.20 .94 1.9 .40 .10

314 0.125C. 0
Al Ag Cu 8.S. Ti 429.3 250 24 2.8 24.0 16.8 8.6 1.0 .014 1.01

2.44 19.6-2.6 5.13-8.68 (5000)
.02 .24 1.2 .14 .00

-Se

Ph-t,•9ximn , No. 54, 0.25g. 427.3 260 24 5.0 20.2 13.3 8.3 2.3 .030 2s,41
Al Ag Cu 8.S. -Ti (5')

-0.28-.24 .04-•. -. 22
.08 .12 .14 .06 .06

Ph.ayloulfide, No. 132, 0.23g. 47V.7 260 24 6,2 19.9 13.5 9.7 1.7 0.06 2J6
Al Ag Cu 8.8. Ti (5066)

-0.40 -. 30 -. 30 -. 08 -. 08
.08 .16 .10 .02 .04

0-s-c
f DIlectiyldtpheaylawine,No.22, 0

recryt.) O.499, 425.9 260 24 1.7 21.5 15.3 6.6 1.7 .000 0.87
Al t Cu .S. Ti (5000)

0.14 .0 .36 .22 .20
.14 .*2 .08 .14 .12

•/The values under W are the per cent oil insoluble after the isooctane wash. The values under P are the per cent solid
precipitated by oxidation of isooctane to the filtered fluid.
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Table 1. Oxidations in Mineral Oil, MLO 57-30 (Cont'd)
25 ml. Sample Air Flow I l/Hr.

Additive, CCL No., Formula, RUn IToe-1 ie eih 1nmpiicst Cag.~ eurlzto Iso-octane
Concentration, Metals Present No. I Loss, I 54.5

0 C' 1 100C 1 1950C Number Insoluble,
(OF) % (13°

0
F) I(2lt) (13830?) W I

2-Phenylbenzoselenazole,
No. 300B, 0.32g. 425.4 260 24 4.3 22.3 14.7 7.1 7.1 -0.004 0.94

Al Ag Cu S.S. Ti (5000)
0.00 -. 10 .22 .36 .24

.26 .34 .40 .28 .12

300B, 0.32g. No Metals 418.7 2600 48 3.0 77.3 53.0 27.3 4.5 .070 2.23
(5000)

300B, 0.32g. 418.8 260 48 3o4- 96.0 553 43.2 4.5. .097 1. 2
Al Ag Cu S.S. Ti (5000)

0.10 .18 1.26 .14 o02
.10 .16 .10 .18 .10

Benzyl disulfide, No. 321,
0.30g. 429.9 260 24 2.6 22.1 16.3 9-3 1.4 .048 .62

Al Ag Cu S.S. Ti (5000)
-0.22 -3.08 13.3 1.9 -. 10

.08 3.02 1.1 .34 .06

S(COCH2 S-) 2

Phenyl1-a l-naphthylamine,
No. 61, 0.28g. 425.2 260° 24 2.5 25.3 18.0 8.6 0.9 .000 .79

Al Ag Cu S.S. Ti (5000)
0.06 .12 .06 .24 .08

.30 .34 .28 .30 116

61 0.28g.Al Ag Cu S.S. Ti 424.4 2600 48 5.7 61.5 45.8 30.1 0.5 .14 .58
0.02 .16 .04 .18 .04 (5000)
.04 .02 .06 .04 ,.00

2-Methyl benzothiazole,
No. 213, O.19g. 429.8 2600 24 3.2 26.2 19.8 10.4 1.8 .047 .89

Al Ag Cu S.S. Ti (5000)
-0.16 -. 02 .72 .20 -. 10

.06 .04 .22 .00 .02

Diphenyl diselenide,No. 323,
0.20g. .Al Ag Cu S.S. Ti 429.4 20 24 3.0 28.1 20.3 12.2 2.0 .060 .82

5.34-7.84 13.6-1.94-1.94 (5000)
.06 .76 .88 .16 .00

Dilauryl selenide, No. 271,
0.20g. Al Ag Cu S.S. Ti 429.1 260 24 2.9 35.7 25.5 .14.9 3.9 .091 .58

-0.18 2.74 3.30 .16 -. 04 (5000)
.00 .28 .10 .00 .06

271, 0.40g. 0
Al Ag Cu S.S. Ti 428.5 260 24 3.6 29.0 20.6 11.3 3.4 .000 .51

-0.26 24.0 6.16 .18i -. 28 (500°)
.00 .74 .44 .00 .06

£CH3 (CH2) 11]2 Se

2, 2'-Dipyridyla-ine, No..i,
0.24g. Al Ag Cu S.S. Ti 425.8 260 24 3.7 31.0 22.4 13.2 1.9 .000 .99

0.04 .00 .42 .12 .00 (500P)
.18 .48 .38 .36 .46

Morpvh•lAe diselenide,No". 324,
O.l'Og.Al Ag Cu S.S. Ti 429.2 260° 24 2.6 37.8 26.0 15.5 1.2 .090 .88

-0.08 9'74 5.66 .30 -0.08 (5000)
.10 2.56 .38 .06 .o02

324,0.20g.Al Ag Cu S.S. Ti 428.4 2600 24 4.4 31.5 21.9 13.2 1.1 .22 .73
-0.02 14.3 10.4 .10 -. 18 (5000)

.22 1.5 .82 .26 .12

,CHe+CH 2 . . CH2-CH2 .0 N-S e--Se-N .. 0
CH,-CH2  CH2-CH2
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Table 1. Oxidations in Mineral Oil, MLO 57-30 (Cont'd)
Sample 25 al, Air Flow 1 l/Hr.Additive, CCL No., Formula, Run Temp. fTime, Weight IKinematic Viscosity e.alization I sooctaneConcentration, Metals Present | NoHour ILoss, 1 54.5PC I iO0°C et1nobl

Less, 54.50C ?50Coluble,,
• % (130°F) I(2120

F) I(383°F) w'NmbepW

Thianthrene, No. 6A, 0.05g.
and Phenyl-al-naphthylamine, 427.2 260° 24 3.4 30.8 22.1 12.8 1.2 0.00 1.09
NO, 61, 0.25g. (5000)

Al Ag Cu S.S. Ti
-0.08-.22 -. 14 -. 20 -. 34

.06 .10 .10 .02 .04

Thianthrene, No. 6A, 0.27g. 427.1 2600 24 4.3 34.3 24.8 10.4 1.5 .03 .95
Al Ag Ou S.S. Ti (5000)

-0.20-.20 .00 -. 22 -. 22
.08 .22 .12 .04 .04

1-Cystine, No. 108, 0.30g.
Al Ag Cu B.S. Ti 427.4 260° 24 4.7 33.6 22.6 16.6 1.2 .13 1.14

-0.30-.40 .68 .80 -. 12 (5000)
.12 .44 .60 .10 .04

LNH2 Ja

4-Hyrov-3, 5-diterti-L
butyl benzyl dimethylamine, 425.6 260' 24 3.1 40.4 29.1 15.8 1.3 .00 1.05
No. 371, 0.32g. (5000)

Al Ag Cu S.S. Ii
-0.12 -. 08 .20 .08 .14

.26 .32 .30 .24 .20

371,0.32g.Al Ag Cu S.S. Ti 424.9 2600 48 9.3 30.3 18.9 12.6 0.7 .07 .71
0.04 .02 .08 .22 .26 (5000)
.12 .06 .o6 .02 .42

371 0.16
g. and Na Sul (BSN)

Barium Sulfonate Neutral Salt
50% Dispersion in Di-2-ethyl 425.10 2600 24 3.4 30.0 23.0 12.5 0.9 .00 .76
heV1 sebacate, 2 drops (5000)

Al Ag Cu S.S. Ti
0.00 o06 .14 .20 .14

.12 .38 .30 .16 .24

Di-(2--hydroxy-l-nphtbyl) 0selenide, No. 307, 0.4 6
g. 428.8 260 24 3.2 38.0 26.8 14.7 0,8 .45 .59

A2. Cu .S. Ti (5000)28.6 3-02 -. 20-0.40 2683 -. 020
.16 .98 .98 .18 .00

2-Methyl mercaptobenzothiazole,

No. 208, 0.23g. 429.7 2600 24 4.5 38.1 26.8 16.4 1.0 .6 1.36Al Ag Cu 6.S. Ti (500)
-0.08 -. 26 1.36 1.58 -. 02

.02 .12 .26 .14 .04

Benzyl sulfide, No. 320,0.27g. 428.3 260o 24 5.2 38.4 27.0 18.9 0.9 .06 .97
Al Ag Ou 5.S. Ti (5000)

-0.30 -1.32 .86 1.02 -. 18
.02 .44 .66 1.24 .12

(C6 HCH2) :'
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Table 1. Oxidations in Mineral Oil, MLO 57-30 (Cont'd)

Sanple 25 2l. Air Flow 1 I/Hr.

Additie, CWeoFomligt Knmeati CiscospLan e~g eU r Enso-octane

Cocetato, eal reet = 15 ý. 111O9500Cume Insoluble,
concentratto�I (On ) Te30•p" 1(2129F

)) (2l2F) (383
0
F) W 1 .

Tetrasthyl thi=uaa disulfide,
No. 124, 0.37g., 427.5 2600 24 4.3 39.0 30.3 16.3 1.5 0.02 1.54

l.S. Ti (5000)
--0.22 _.f .0 .28 -. 30

.14 .8O .54 .42 .20

C2E 5\ S aCAIE

C2,Nj C2Ej

6.Abino-2-meroaptobeasothiaz0le,
No. 207, 0.23g. 429.6 2

0  24 2.4 39.6 31.0 19.7 0.8 .35 .77

Alh _A u S.S. T (5000)
-0.30 -10 .20 .74 -. 42

.10 1.32 .74 .00 .18

N•

4,4'-Thiebia 6-1211butyl-a-
oresol O. 4 4g. No. 156 427.9 260e 24 2.9 41.3 18.5 10.4 1.0 .07 4.93

hi Ag Cu 8.S. Ti (5000)
-0.14-.30 1.34 0.24 -. 30

.14 .24 .90 .12 .04

N-ýCylohexyl-Z-b6e.zothiazeole-
milfeaaxide, No. 163, 0.33g& 428.2 260 24 4.4 41.4 31.3 20.0 0.4 .i0 .61

Al Ag Cu B.S. Ti (5000)
-0.18 -. 18 5.54 .02 -. 24

.16 .521.18 1.48 .08

f.j'-Dinitro diphenyl dieelenide, 0

No. 303B, 0.25g. 428.7 260 24 3.3 42.3 30.9 21.2 1.0 .25 .49

Al Ag Cu S.S. Ti (500o)
-0.24 14.3 7.72 .14 -. 44

.00 .76 .60 .04 .16

Nk.

2, '-Dithiobio (besizothiasole) 0

Va. 155, 0.41g. 427.8 260 24 4.7 42.5 31.7 19.0 1.5 .00 2.36

Ai Ag Cu S48. Ti (50e)
-0.28-.4 10.06 2.74 -0.24

.10 .52 .66 .78 .08

2-Phenylaptho(2,l)thinzole,
No. 299, 0.324., 428.6 260o 24 3.6 43.5 29.6 17.5 1.7 .06 .58

Al Ag Cu S.S. Ti (5000)
.- O.20 1.78 1.82 .30 -. 08

.00 .44 .86 .30 .00

Phn�l e

Phenyl disulfide, No. 322,
0.27g., 428.10 2600 24 3.2 46.0 33.8 20.0 0.8 .o8 .53

Al Ag Cu 8.S. Ti (500)
-0.46 -. 30 1.86 .98 -. 20

.22 .32 .42 .28 .12
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Table 1. Oxidations in Mineral Oil, MLO 57-30 (Cont'd)

Saple 25 ml. Air Flow 1 I/Hr.Additive, COL No., Formula, Mf Run Tev . e iTe, Weight Kinematic Viscosity Chanue. 5 I Neutralization Iso-octaneConcentration, Metals Present No. 00 olr Loss, 45CI 00 ubr Islbe
(O)% (1300

F) (212F) (383 .F) W?
4,4'-Dithodi•-orpholine,No. 164, 427.6 2600 24 4.1 49.8 36.0 21.9 1.3 0.02 1.580.30g. Al Ag Cu 8.s. Ti (50)

-0.46 .10 1.60 .70 -. 14
.10 .48 .44 .10 .02

/ H2'fH212 ' CHr-, C 1a,.
O" CHN-,H - S- S- N •CHAt 0

N,N'-Diphebmythiourea,No. 159, 427.10 2600 24 4.1 52.0 15.2 23.9 1.2 .06 0.670.29g. Al Ag Cu B.S. Ti (5000)
-0.30 -. 38 2.74 .12 -. 12

.06 .30 .30 .12 .02
S

A-Nitrodipheanylamjne, No. 87, 418.9 260 48 2.9 78.7 60.1 36.7 0.8 .055 .43
0.25N. No Metals (566o)8 .25g.A1 Ag Ou B.S. Ti 418.10 2600 48 1.7 85.5 66.2 37.8 0.8 6131 1.38

0.22 .22 .52 .22 .04 (5000)
.0 .26 .14 .10 .08

2,4-bi (phenyl mercapto)
toluene, No. 372, 0.3 6

g. 424.10 260 48 5.2 81.0 58.8 37.2 1.0 .12 .55
A g Ou 8.S. Ti (500°)

0.06 .32 .70 .08
.06 .12 .12 .02 .06

2-Amino-,- ý(-dphanyl)thiazo3e, 0No. 199, 0.31g. 429.5 260 24 2.3 66.7 49.5 29.9 1.6 .03 .70
Al Ag Cu S.S. Ti (5000)

-8.06 -16.74 4.96-47.8 10.3
.04 .14 .50 .02 .06

C ~NH,
Pip•erdinium-1-piperidine-
carbodithioate, No. 160, 428.1 2600 24 3.1 70.5 52.6 35.7 1.5 .04 .580.31g. (500o)

Al Ag Cu 8.8. Ti
-0.06 -. 04-.18 .02 -. 14

.14 .26 .84 .48 .00

H, Ha H2 H,

S H C-C
H2 H2  H2 H,

Cadmium diasyl dithiocarbamate,
No. 399, 0.50g. 424.8 260 48 6. 107.1 76.2 45.6 0.6 .09 1.02Al Ag Cu S.S. Ti (5000)

0.04 -0.08 1.28 .58 .02
.04 .34 .24 .06 .02

C•H• H-C-N-C5H9
Cd
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Table 1. oxidations in Mineral Oil, MLO 57-30 (Cont'd)

Sample 25 al. Air Flow I I/Hr.
Additive, CCL No,, Formula, Run Toemp. 'lime, j Weight rKinematic Viscosity Change ,. " Neutralization Iso-octane
Concentration, Metals Present No C I Loss, 54.500C 100

0 C 1 195k Number Insoluble,
(OF) % ( I(130°F)I (210F) 1383°F) W1  P1

Acridine, No. 82, 0.25g.
Al Ag Cu 8.S. Ti 424.2 2600 48 7.0 124.0 77.4 54.6 0.6 0.10 0.70

o.26 .56 .26 .58 . (1o)
.02 .02 .00 .00 .02

4,4'-Methylele bLs-2,6-
ditertiarzy'ybutyl phenol, 424.7 260 48 7.4 190.5 119.0 66.3 0.6 .09 .62
No. 370, 0.50g. (500P)

Al Ag Cu S.S. Ti
-0.04 .04 .04 .02 .04

.08 .o4 .o6 .04 .02

e(CcH,),

N,N'-Diphenyl-k-phen7lene-
dianine, No. 186, 0.34g.
(reorystallized) 425o5 260* '24 2.6' 129.0 96.7 38.5 1.2 0.08 2.66

Al Ag Cu 8.S. Ti (50oe)
0.02 .02 .12 .10 .12

.14 .32 .20 .26 .20

186 0.34g.
Al Ag Cu 8.S. Ti 420.10 260 48 6.3 N.M. N.M. N.M. 0.9 .11 .30

0.12 .22 .18 .12 .06 (500°)
.12 .2D .16 .02 .02

NN C6 Or-

4,4'-bisthiopiolenan2d6o
diphenrl, .No 401 O.27g. 424.5 260 48 9.6 211.0 1"4.5 74.5 0.6 0.50 1.12

Al Ag Cu S.S. Ti (5000)
0.04 .10 3.64 .34 -. 02

.06 .06 .08 .02 .02

S

Phenothiazine, No. 293, 424.1 2600 48 6.7 N.M. 275.0 116.5 0.5 0.52 5.97
0.25g.Al Ag Cu 8.S. Ti (500o)

-0.02 .00 -. 86 -. 10 -. 12
.04 .04 .12 .02 .06

N.M. Too lsoous fbr easureommt.
N.F. Not Filterable.

WADC TR 53-293 Pt VIII 21



TABLE 2
Oxidatiols in Fluid 7-60, First Batch

25 al Sample
Additive, CCL No., FormuJla, un Temp. 1Weight jietcViositv Change )6. Neutralization Is-octaneConcentration, Metals Present No. 0C Hours Loss, I 54.5C95 er Insoluble,II (3°F) %1 F) (383 F) %

No&*, No metals / 358.1 260° 24 1.4 41 36 .37 0.6 0.06
(500 )

Noem, No Metals ,/ 358.2 2600 48 2.9 153 134 115 0.4 0.02
(5000)

(Xo% AlAgOU#8..,Ti 1/ 358.3 2600 24 1.5 25 22 17 6.7 0.04 A/

Noae, AI,Ag,CuS.S.,Ti 1/ 358.4 2600 48 2.0 61 53 47 0,7 0.04 k/

Neae, A1,Ag,Cu,CrO-M.,Ti/ 358.5 260 24 1.6 11 9 7 0.6 0.02 g/

Neae, Al,Ag,OuOr-MNTi 1/ 358.6 260c 48 2.1 20 18 14 0.5 0.00 j/
(5000)

None, No Metals 5/ 366.1 3160 6 4.9 93 84 87 1.0 0.00
(600P)

Nene, No Metals 5/ 366.2 3160 12 2.4 665 575 670 1.4 0.16(6000)

None, Na Metals . 351.1 3160 6 1.4 14 12 75 1.4 0.10
(6000)

Naas, Na Metals 3/ 351.2 316° 12 2.5 48 43 140 1.7 0.02(6o00)

Neat, No Morales • 350.1 3160 12 1,0 41 37 N.D. 1.5 O.O8

Name, No Metals 3/ 350.2 3160 24 101 u16 105 N.D. 1.3 0.04
(600P)

None, AlAgpCu,8.S.,Ti 2/ 351.3 316c 6 1.7 19 17 84 1.7 0.04 t/

Nose, AlAg,Cu,S.8.,Ti V/ 353.1 3160 6 2.1 19 17 25 1.5 0.02 •/(Wo)

Meoe, AlAgCu,.So.,Ti e/ 351.4 3160 12 3.4 50 46 87 1.8 0.08 5/
(600P)

Nose, Al,Ag,Cu,S.S.,Ti V/ 353.3 316" 12 3.5 66 58 112 1.4 0.04 h/
W~)

Noae,Al,Ag,Cu,8.S.,Ti 3/ 350.3 316' 12 2.5 53 48 N.D. 1.5 0.04 5/(6000)
None, Al,Ag,Cu,8.8.,Ti / 350.* 3160 24 4.3 202 183 N.D. 1.2 0.04 J/

None, Al,Ag,Ou,8.8.,Ti 3/ 361.3 36 4.1 179 158 189 1.7 0.04

None, Al,Ag,CuCr-.oTi 3/ 361.4 36 7.5 86 73 79 1.7 0.10 1/
Nose, Al,Ag,OCu,S.S.,Ti 5/ 364.1 48 3.3 270 244 208 1.1 0.06 I/
Na.., Al,Ag,Ou,Cr-Mo,Ti 5/ 364.2 48 6.6 100 86 80 1.0 0.06 L/

I/ •a Flow 1/hr. - Air
Y/ Gal now ir'. 95% N 5% 0a/24 hours with air at ;90C ami 12 hours with 95% Ng adA 5% 0 at 316 C.S24 hours at 2600c, raise to 3160

C for 12 hours, after 36 hours drop te 260eC for 12 hours with 95% N, and 5% Oa. Total 48 hrs.
Metal Effects, Weight Loss, mg/o=2

L/Al 0.06 Ag 0.52 Cu 0.90 S.S. 0.16 Ti 0.12
Al 0.04 Ag 0.56 Cu 1.26 S.s. 0.00 Ti 0.06
Al 0.20 Ag 0.46 Cu 0.86 Cr-Mo 0.28 Ti 0.26
Al 0.02 Ag 0.36 Cu 0.84 Cr-m, 0.02 Ti 0.02

j/ Al 0.14 Ag 0.46 Cu 0.46 S.S. 0.14 Ti 0.00
5Al 0.32 Ag 0.30 Cu 0.30 S.S. 0.2D Ti 0.02

Al 0.28 Ag 1.02 Cu 1.00 S.S. 0.32 Ti-0.02
Al 0.00 Ag 0.24 Cu 0.00 S.S. 0.22 Ti 0.00
Al 0.10 Ag 0.90 Cu 0.38 S.S. 0.28 Ti 0.08

/Al 0.04 Ag 0.26 Cu 0.98 8.S. 1.5 Ti 0.02
Al 0.20 Ag 0.64 Cu 1.08 S.S. 0.18 Ti-0.06
Al 0.50 Ag 0.60 Cu 1.08 Cr-Mo 0.68 Ti 0.10
Al 2.08 Ag 0.52 Cu 2.00 S.S. 0.92 Ti 0.20

/Al. 0.32 Ag 0.80 Cu 2.40 Cr-Mo 1.00 Ti 0.18
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Table 2 . Oxidations in Fluid F-60 (Cont'd)
First Batch 25 ml Sample

Additive, CCL No,, Formula, [Run Tergp. Hvirn Ieit Knmtc isoity Chanze. ~6 etaiain Iso-octane
Concentration, Metals Present No. 0 Loss, 54 .50C41 1000 C 195

0 C NbInsoluble,
(OF) % (130F) (212F) )(383°ub

NNP-Di-2-aaphthyl-k-pheuyleae-
diamize, No. 260

0.05 g. A/A,,Ag#Cu,S.S.,Ti / 357.3 260e 48 1.5 6 5 *2.9 0.7 0.08 h/
(5000)

0.05 g., Al,Ag,Cu,S.S.,Ti / 357.4 260e 48 2.1 6 4 3.4 0.6 0.06 g/
(50•0)

0.05 g., AlAg,Cu#Cr-M,Ti L/ 358.8 26 00 48 1.3 4 3 1.3 0.5 0.12 •/
(50&)

0.10 g. No Metals 2/ 366.3 316* 6 1.7 9 7 5.7 0.7 0.38(600°)

0.10 g. No Metals 2/ 366.4 3160 12 3.0 53 45 41 0.7 0.24W•)

0.10 g. No Metals 366.5 3160 24 1.3 ,320 3550 N.M. 1.3 0.46
(600P)

0.10 g., Al,Ag,Cu,S.S.,Ti 1/ 66.6 3160 6 2.5 7 6 4.9 009 0.30 9/

0.10 g., AlAgCu,S.S.,Ti L/ 366.7 316° 12 3.6 62 54 52 1.0 0.38 /

0.10 g., Al,AgPCu,S.S.,Ti 1/ 366.8 3160 24 8.3 N.M. N.M. N.M. 0.7 92.1 g/
(Wo)

0.025g., AlAgOU,S.S.,Ti 2/ 353.2 3160 6 1.9 5 3 2.8 0.7 0.10 h/
(W0)

0.05g., AlAgCu,S.S.,Ti 2/ 353.5 3160 6 1.7 4 2 0.8 0.9 0.22 L/(6000)

0.10g., AIAg,CuS.S.,Ti 2/ 351.9 3160 6 1.9 5 3 0.8 0.8 0.08 L/
(6000)

0.025g., Al,Ag,OuS.S.,Ti 2/ 350.5 316e 12 3.8 31 27 N.D. 1.5 0.14 h/(6oo')

0.025g., AI,Ag,Ou,.S.,Ti 2/ 353.4 316e 12 2.6 21 18 20 0.9 0.10 1/

0.05g., AlAg,Ou,S.S.,Ti 2/ 353.6 3160 12 2.9 17 15 15 1.1 0.18

0.10g., Al,AgCu,S.8.,Ti 2/ 351.10 3160 12 2.3 5 3 3.2 1.0 0.26 g/(600P)

0.025g., Al,Ag,Cu,S.S.,Ti 2/ 350.6 3160 24 2.4 172 155 NM.D. 1.3 0.10 o/
(6000)

0.05g.,Al,Ag,Ou,S.S.,Ti 2/ 353.7 3160 24 4.1 69 62 61 1.1 0.18 P/
(6000)

0.10g., A:L,Ag,Cu,S.S.,Ti 2/ 353.8 3160 24 4.6 41 36 31 1.1 0.40 SL/(6000)

A/ The sample of additive tested here was subjected. to a purification process. See comment in body of report, Page 6.

1/ Gan Flow I/hr. - Air
Yl Gas Flow Ar. - 95% N2 - 5% 0No

Metal Effects, Weight Loss, Zg/ N.M. Too viscous for measurement.
k Al 0.14 Ag 0.36 Cu 1.52 5.S. 0.04 Ti 0.10 N.D. Not Determined.

Al 0.08 Ag 0.40 Cu 1.76 5.S. 0.06 Ti 0.18
Al 0.04 Ag 0.08 Cu 0.74 Cr-Yo 0.02 Ti -0.22
Al 0.-26 Ag 0.42 Cu 0.86 5.S. 0.34 Ti 0.32
Al 0.60 Ag 0.76 Cu 1.10 .S. 0.42 Ti 0.34

/Al 1.06 Ag 0.72 Cu 1.26 .S5. 0.70 Ti 0.36
Al 0.04 Ag 0.28 Cu 0.44 5.S. 0.10 Ti 0.00
Al 0.58 Ag 0.26 Cu 0.60 8.S. 0.02 Ti 0.00
Al 0.08 Ag 0.22 Cu 0.58 .S5. 0.14 Ti 0.12
Al 0.24 Ag 0.44 Cu 0.70 8.S. 0.42 Ti 0.04
Al 0.06 Ag 0.54 Cu 0.56 5.S. 0.18 Ti 0.02

a/ Al 0.00 Ag 0.42 Cu 0.60 5.S. 0.20 Ti 0.00
j/ Al 0.18 Ag 0.40 Cu 0.82 5.5. 0.16 Ti 0.08

/Al 0.30 Ag 0.18 Cu 0.98 5.S. 0.70 Ti 0.06
SAl 0.02 Ag 0.66 Cu 0.56 .S. 0.34 Ti 0.00

Al 0.00 Ag 0.54 Cu 1,08 S.S. 0.14 Ti 0.00
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Table 2 . Oxidations In Fluid F-60 (Cost'd)

First Batch 25 ml Sample

Additive, CCL No., Formula, Run Temp. 1 Tie, IKinematic Viscosit Chan e Neutralization Iso-octaneC54.5o egh jiemtc ViscsityChn2a Ins luble,

Concentration, Metals Present No. ( Hours 55CI (13
0

F 2 F) Number 1n
(OF) % (130

0Ff) (210) (383°F) %

N,N'-Di-2-Naphthyl-p-phenylene-
diamine, No. 260 (Cont'd)

~XvNH -0
0.025g. A/AlAg,CuS.8.pTi 360.1 36 3.1 42 38 .43. 0.9 0.12 b/

0.050g. 1/AlAgCuS.S.,Ti •/ 360.2 36 3.4 40 35 45 0.9 0.18 2/

0.025g. A/AlAgCu,Cr-Mo,Ti ,/ 360.3 36 2.7 42 37 45 0.9 0.02 2/

O.050g.,Al,Ag,Cu,Cr-Mo,Ti#/ 360.4 36 3.0 27 23 25 1.1 0.11 2/

0.05g., Al,Ag,Cu,S.S.,Ti // 361.1 36 4.0 41 36 37 1.5 0.06 ;/

O.05g.,A1,Ag,Cu,Cr-Mo,Ti •/ 361.2 36 4.2 33 29 35 1.7 0.16 g/

0.05g.,AJ.,Ag,Cu,S.S.,Ti •/ 364.3 48 3.1 105 95 83 0.9 0.08 2/

0.05g., A1,Ag,Cu,Cr-Mo,Ti ,/ 364.4 48 4.4 85 75 66 0.9 0.10 ./

0.1g., AIAg,Cu,S.S.,Ti // 364.5 48 3.0 108 96 83 0.9 0.10 2/

0.2go,AI,Ag,Cu,S.S.,Ti 6/ 364.6 48 3.3 80 72 63 1.1 0.02 k/

N,N'-Di-2-naphthyl-k-phenylene-
diamine, 0.050 g. and Vanadyl- 358.7 260 C 48 1.9 4 3 1.8 0.7 0.10 1/
2-ethyl hemoate, No, 379, (500 F)
0.001 g., Al,Ag,Ou, S.°.,Ti L/

Vanadyl-2-ethyl hexnate,No.379 358.9 2600C 48 2.3 43 38 1 1.0 0.44 M/
O.050g.,Al,Ag,Ou,S.S.,Ti I/ (50'OF)

Diphenylguanidine, No. 161,
0.10 g., Al,Ag,Cu,S.So,Ti 2/ 351.7 3160C 6 1.6 8 7 j.• 1.3 0.16 2/

Hl# H H (6000F)
351.8 31600 12 3.0 V 23 22 1.1 0.24 2/

(60
0 FOF)

Di-2-naphthylamine, No. 383,
0.10g., AIAg,CuS.S.,Ti .1/ 366.9 3160C 12 3.1 29 24 21 0.9 0.16 p/

14 (60o
0 F')S366.10 31600 24 3.6 227 196 184 1.0 0.28 q/

(6000F)

Aoridine, No. 82
0.03g., AI,Ag,Cu,S.S.,Ti 2/ 350.7 316*C 12 2.6 45 40 N.D. 1.3 0.04 x/

(600
0
F)

350.8 31600 24 6.2 164 146 N.D. 1.2 0.06 g/
(6000F)

2,2'-Dipyridylamine, No. 128p
0.10 g., Al,Ag,OuS.S.,Ti Z/ 351.5 3160c 6 2.1 11 9 9 0.8 0.14 1/

W g(6C
00F)

351.6 3160C 12 3.4 33 29 28 1.5 0.24 2/
(600

0
F)

0.10g., AlAgCuS.S.,Ti 1/ 358.10 26000 48 2.3 35 30 25 0.4 0.04 -v/
(500

0 F)
2-Phenylbenzoselenazole,
No. 30OP,
0.10g. AlAg,Cu,s.S.,Ti 2/ 361.5 36 6.3 154 134 I7 1.9 0.10 X/
0.10g. AI,Ag,CuCiQ'Ti j/ 361.6 36 8.5 152 133 133 2.1 0.12 j/

L/ The sample of additive tested here was subjected to a purification process. See comment in body of report, Page 6.

1/Gas Flow 1/lw, - Air
Gas Flowlu. - 95% N2 - 5% 02
24 hours with air at 260°C and 12 hours with 95% N2 and 5% 02 at 3160C.
24 hours at 2600C and raise to 31600 for 12 hours, after 36 hours drop to 20°C for 12 hours with 95% N2 and 5% 02.

Metal Effects, Weight Loss, Mg/cm2 Metal Effects, Weight Loss, mg/jn^

Al 0.08 Ag 0.26 Ou 1.26 s.8. 0.30 Ti 0.08 p/ Al 0.58 Ag 1.18 Cu 1.12 S.S. 0.38 Ti 0.38

Al 0.24 Ag 0.58 Ou 1.36 S.S. 0.54 Ti 0.22 2/ Al 0.98 Ag 1.48 Ou 1.42 S.S. 0.56 Ti 0.18

Al 0.28 Ag 2.56 Ou 1.16 Cr-Mo 0.76 Ti o.18 j/Al 0.30 Ag 0.12 Cu 1.32 S.S. 1.02 Ti 0.04cAl 0.24 o., 0.0 o.u, o.8 $.S 0.7 Ti 0 . .02
j/Al 0.28 Ag 0.68 Ou 0.98 Cr-Mo 0.58 Ti 0.18 j Al 1.64 Ag 1.30 Cu 1.30 8,8. 0.58 Ti 0.06

Al 0.18 Ag 0.80 ou 1.06 8or. 0.24 TI 0.00 Al 1.04 Ag 1.24 Cu 1.26 S.S. 0.54 Ti 0.00
j/ Al 0.16 Ag 0.86 Cu 0.86 Or-Mo 0.54 Ti 0.02 2 l01 g04 u14 .. 01 i00

Al 1.72 Ag 1.38 Cu 2.24 S.S. 1.16 Ti 0.42 j/ Al-0.16 Ag 6.42 Cu 0.46 S.S. 0,10 Ti 0.02

j/ Al 0.70 Ag 1.92 Cu 2.00 Cr-Mo 1.42 Ti 0.38 -/ Al 0.50 Ag 0.76 Cu 2.56 S.S. 0.44 Ti 0.08

/Al 0.90 Ag 0.88 Cu 1.94 s.s. 0.52 Ti 0.06 / 0.4 Ag 0.5 C, 2.62 0r0 0.52 T 0.14

Al 0.90 Ag 1.08 Cu 1.38 S.S. 0.44 Ti 0.16
Al 0.12 AC 0.26 Cu 0.58 8.8$ 0.08 Ti 0.08

E/ Al 0.00 Ag 0.64 ou 0.82 S.S.-O.08 Ti-".16
F/ Al 0.42 Ag 0.94 Cu 1.00 S.s8 0.18 Ti 0.02

o/ Al 0.48 Ag 0.62 Cu 1.24 S.S. 0.30 Ti 0.00
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Table 3
Oxidations in Fluid P-60, Socoo! Batch 25 tl sample

Additive, CCL No., Formula, IRoun T~emp. Tmea, eight Kinematic Viscositv Chan~e. ' Neutralization so-octane
Concentration, Metals Present | No. I °C I Loss,i 54.50°CI O1C0 195C0 Number Insoluble,

I I (-F) % (1300F) (2320F)."', 1(38300F)I s%
None, Al,Ag,Ou,S.S.,Ti 1/ 392.1 ZOOC 24 1.9 17.2 16.6 13.6 0.6 2/

None, Al,Ag,Cu,S.S. ,Ti 392.2 260C 48 3.4 64.6 58.0 50.5 0.9 2/
(5000F)

None, Al,Ag,CuS.S.,Ti 397.6 26000 48 3.0 66.2 59.3 50.7 0.6 9/
(5000F)

None, AIAg!,u,S.S.,Ti 409.4 3160 12 N.D. 47.0 42.6 31.8 0.,6
Gas Flew 95% N2 5 % 

0
2. (6000)

411.10 12 N.D. 79.0 72.0 62.4 1.2 2/
&sNo. 260, 0

0.010 g., Al,Ag,CUS.S.,Ti 398.5 260 48 2.0 8.9 7.6 5.4 0.8 A/
(500:)

0.025g.pI,Al•,Ou,.8. .,TI 397.10 260o 48 1.5 4.2 3.7 1.6 0.6
(5000)

0.025g.,Al,Ag,Cu,S.S.,Ti 398.4 26 48 1.9 5.8 4.2 3.4 0.7 i/
0.05g., hAlAg,,u,S.S.,Ti 392.3 (60 48 2.0 5.2 4.9 3.6 0.8

0.03g. AIAgPuPS.8.,Ti 409.2 3160 12 4.3 26.8 24.4 20.0 1.0
Gas Flew 95% N2 5X 2. (600°)

SqUOnM IRP, Ne. 352 398.10 260 48 2.7 8.0 6.4 5.7 1.0
0.lOg. #A1,Ag,Cu,S.S.,Ti (5000)

U.N'-Di~cyclhe-lo--
, •n~~jNe. 351 398.9 260° 48 3.5 14.4 12.3 10.2 0.9 2/
0.10g.,AI,Ag,Cu, S.S.,Ti (5000)

NL.N '-Di- 2-naphthvl-l-

nI'~'~,..4.m..~No. 260.
0.010g. and nlprlnX3&r... 4 juv, 398.7 2600 48 2.2 15.4 13.7 10.2 0.9
Ne. 161, 0.010g. (5000)
AlAg,Cu,S.S. ,Ti

N.XN-Di-2-aa hthyl--
LL V-.o. 260,

0.010g. and &ioidjn6Ne.82, 398.6 260° 48 1.5 3.3 2.6 2.6 0.7 3/
0.050g., AI,Ag,Cu,S.S.,Ti (5000)

pbon'~ 4an "--ie No. 260,
O.OOg, u.nxd;ins, No. 82, 398.8 2600 48 1.3 4.4 4.3 3.2 0.6 A/
0.010g. add 2,j;va.l,- (5000)
gvaLdjjln, No. 161,0.005g.
A1,Ag,Cu,S.S.,Ti

Metal Effect, Weight lAss, Mg/ca
2

g/ Al 0.14 Ag 0.36 Cu 0.82 S.S. 0.00 Ti 0.00
j/Al 0.06 Ag 0.78 Cu 1."4 B.S. 0.00 TI-0.04

/Al 0.08 Ag 0.10 Cu 0.94 3.S. 0.06 Ti 0.04
Al 0.02 Ag 0.02 Cu 0.14 S.S. 0.04 Ti 0.02

j/.Al 0.02 Ag 0.10 Cu 0.20 B.S. 0.00 Ti 0.02
Z/ Al 0.04 Ag 0.04 Ou 0.44 .S. 0.04 Ti 0.06
j/.Al 0.02 Ag 0.02 Cu 0.10 3.S. 0.04 Ti 0.00
j/ Al 0.96 Ag 0.20 OCu 0.66 S.S.-O.04 Ti 0.00
j/ Al 0.02 Ag 0.00 Cu 0.36 s.S. 0.12 Ti 0.00
j/ Al 0.02 Ag 0.12 Cu 0.26 B.S. 0.04 Ti 0.00
FV Al 0.04 Ag 0.16 Ou 0.44 3.S. 0.04 Ti 0.06
J./Al 0.02 Ag 0.16 Cu 0.70 8.S. 0.02 Ti 0.02
u1/ Al 0.12 Ag 0.08 Cu 0.18 3.S. 0.02 Ti 0.00
j/ Al 0.02 Ag 0.18 Cu 0.48 S.S. 0.00 Ti 0.04
g/ AI-0.70 Ag-0.28 Cu 0.22 3.S. 0.20 Ti-0.16
N.D. Not yet determined.
i/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 l/hr.

& These values are tabulated in a separate table.
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Table 3 . Oxidatiens in Fluid F-60 (Cent'd).
Second Batch 25 .l Sample

Additive, oime, I Weight 'Kinematic Viscoitv Chanae. %. Neutralization Iso-octaneAdditive$ CCL No., Formula, Run IToemp. Tm, • {5-° O° 9° noul,•

Concentration, Metals Present No. °C Hours Loss, 54.50°CF) 10000) (19500°) Number Insol
(OF) % I(13CPF (212F) (383OF%

h an id oA 0.05g. I/
Ne. 161, AI,Ag,Cu,S.S.,Ti 397.8 260° 3 3.9 3.1 8.6

(5000) 48 1.1 12.1 10.7 0.8 1/

161-0.05g.,Al,Ag,Cu,S.S.,Ti 397.9 2600 24 1.7 5.4 4.7 3.8 0.8 2/
(500o)

161-0.10g.,Al.Ag, C,8.S.,Ti 392.8 2600 48 6.3 9.6 9.1 6.8 0.6 _/

ASrd , No. 82, 0.10g., 397.7 260 6 1.7 1.2
hlAg,Ou,S.S.,Ti (5000) 48 1.7 6.2 5.6 4.5 0.6

82- 0.lOg.,Ai,Ag,Cu,S.S.,Ti 392.7 260 48 1.3 6.9 6.4 4.1 0.7 3/

2.2'-Dijridylamine Ne. 128,
0.10g., AlAgCu,S.S.,Ti 392.6 2600 48 2.5 33.5 30.8 25.7 0.7

(500P)

S N-AlNaNethyleerheliae.

No. l17,O.10g., 392.5 20 48 3.6 32.2 27.8 22.8 0.8 A/

Al,Ag,Cu,S.S. ,Ti (5000)

2BCH2NH~a

H'2\01ý H2H

N.. 360,0O.5g. 392.4 260 48 2.2 23.7 20.5 17.5 0.8 h/AI,Ag, Ou,S.S.,Ti (500P)

2..ha.mvha.aa am•m~nasele.

Ne. 300B, 0.10g., 392.9 260 48 5.2 43.2 38.1 31.8 0.7 /
A:L,Ag,Gu, S.S. ,Ti (0°

_ :•Pha.mylhan.e el~eaazele.

No. 300B, 0.10g. and
I-ambid ethy rohe lse. 392.10 260* 48 3.5 51.2 45.7 39.7 0.8 ./
No. 117, 0.05g. (5000)
AI,Ag,Cu,S.S.,Ti

Metal Effeets, Weight Less, mg/lc
2

/ Al 0.08 Ag 0.16 Cu 0.94 s.s. 0.02 Ti 0.00
Al 0.16 Ag 0.12 Cu 0.36 S.S. 0.04 Ti 0.02

Al 0.00 Ag 0.16 Ou 0.84 S.S. 0.00 Ti-0.18
./ Al 0.10 Ag 0.08 Cu 0.50 8.8. 0.02 Ti 0.10
j/ Al 0.00 Ag .0.56 Ou 0.66 5.5. 0.00 Ti 0.00
/l Al 0.02 Ag 0.44 Cu 1.42 S.S.-0.26 TI-0.28

og o Al 0.02 Ag 0.40 Cu 0.98 S.S. 0.00 T".14
2/Al 0.04 Ag 0.32 Cu 0.92 S.B.-O.14 Ti 0.00

Al 0.00 Ag 0.84 Ou 2.26 S.S..0.12 Ti 0.00
A 0.04 Ag 0.76 Ou 1.44 S.S.-O.08 Ti-0.06

U/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 I/h5.

21 These values are tabulated in a separate table, Table 4.
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TABLE 4

Behavior of Insolubles in Oxidized F-60 Blend

Additive, CCL So. and Concentration; Run Time Temperature Percentage Imselible
Metals Present No. Hours eC Oil, Iseectane Acetone Isooctane

(OF) wash wash Pnec~iitate

lose, Al,Ag,Cu,S.S.,Ti 392.1 24 2600 1.40 0.01 0.00 0.55
(5000)

None, AI,Ag,Cu,S.S.,Ti 392.2 48 2600 0.72 0.01 0.00 0.59
(50oo)

None, Al,Ag,Cu,S.S.,Ti 397.6 48 2600 0.72 0.00 0.00 0.10
(5000)

l. N' -Di- 2--azhthvl-o-pheis rlenv ed . 398.5 48 2600 0.91 0.01 0.00 .0.11
No. 260, 0.010g., Al,Ag,Su,S.S.,Ti (500v)

260 0.025g., AI,Ag,Cu,S.S,Ti 397.10 48 2600 1.20 0.07 0.05 0.13
(500e)

260 0.025g., AI,Ag,Cu,S.S.,Ti 398.4 48 2600 1.12 0.07 0.06 0.08
(5000)

260 0.05g., Al,Ag,Cu,S.S.,Ti 392.3 48 2600 ).86 0.10 0.10 0.47
(500P)

260 0.03g., 3,Ag,Cu,S.S.,Ti 409.2 12 316 Not 7Mlterab1eW°)

5•N'-Diphe&y1-1, .- be*ezouiomae•d&xaW, 398.10 48 2600 1.13 0.01 0.00 0.19
No. 352, 0.10 g., Al,Ag,Cu,S.S.,Ti (5000)

N.N'-Dieyolohexyl-•-ph.en7l eediamine. 398.9 48 2600 1.88 0.18 0.16 0.21
Be. 351, 0.10 g., Al,AgCuS.S.,Ti (500P)

N.•N ' fDi- 2-aahthvl-o-nh envlonae4diaio.
No. 260, 0.Ol0g., and f 4 rh.y- 4 a 398.7 408 260 1.88 0.02 0.01 0.13
No. 161, 0.010g., Al,Ag,Cu,S.S.,Ti (5000)

N.N'-Di-2-anhth1l-Dv -heny!eaediami.
No. 260, 0.010g. and AmId~m Ne. 82, 398.6 48 2600 1.08 0.01 0.00 0.11
0.050 g., A1IhgSu,S.S.,Ti (500°)

N. '-Di- 2-•ahthyl--D!-Oohe•7 ediamine,
Be. 260, 0.005g., = No. 82, 398.8 48 2600 0.64 0.02 0.01 0.12
0.010g. aid fDjlqhem j,3-jd&Ue. No. 161. (5000)
0.005g., AI,Ag,CuS.S.,Ti

J . No. 161, 0.05g. 397.8 48 2600 0.89 0.00 0.00 0.13
AlpAgCu,S.S., Ti (5000)

161 0.05g., Al,Ag,CuS.S.,TI 397.9 24 2600 0.91 0.02 0.01 0.36
(5000)

161 0.10g., A1,ARCu,S.S.,Ti 392.8 48 260° 0.98 0.02 0.02 0.59
(5000)

Ag No. 82, 0.10g. 397.7 48 2600 0.68 0.00 0.00 0.08
hlAg,Cu,S.S. ,Ti (500P)

82 0.10g., A1,hg,Cu,S.S.,Ti 392.7 48 2600 1.82 0.01. 0.00 0.70
(500c)

2.2'- neridv1=ano No. 128, 392.6 48 2600 0.78 0.01 0.00 0.42
0.10g., Al,Ag,Cu,S.S.,Ti (5000)

}•-Anlethvlaoheline, No. 117, 392.5 48 260° 1.27 0.02 0.00 1.67
0.10g., Al,Ag,Cu,S.S.,Ti (5000)

D-Amiedipheaylalije, No. 360, 392.4 48 260° 0.82 0.03 0.02 0.52
0.05g., Al,Ag,Cu,SS..,Ti (5000)

2-Phealbenzolelenazole, No. 300B, 392.9 48 2600 0.75 0.00 0.00 0.51
0.10g.-, A,Ag,Cu,S.S.,Ti (5000)

2-Ph=ylbmzeose3o•-azle, No. 300B,
0.10g. and _-ainoethbylsmrholine 392.10 48 260° 1.54 0.04 0.03 0.08
No. 117, 0.05g., Alhg,Ou,S.S.,Ti (500c)
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Table 5
Oxidatiwns in Fluid F-50

Sample 25 al.Additivet COL No., Formula, I Run I Tem"p. Time, j Weight 'Kinematic Viscosity Change. %* I Neutrali tane
Addtiv, CL N.,oormla, glOO0 I izat50on Inso-lctleoConcentration, Metals Present No. ( Hours s5s, I 113

0
CF) 100F) I 195°F I Number

(OF) % (.3&F) (21tF) (3830 F
None, AlAg,CUS.S.,Ti 3/ 396.1 260' 24 3.1 439.0 415.0 572.0 0.9 9/

(5000)None, Al,Ag,Cu,S.S.,Ti 397.1 260P 24 5.3 N.M. N.M. b_
(50o0)None, AI,Ag,Cu,S.S.,Ti 396.2 260"C 48 10.4 N.M. N.M. 2/
(5000)None, AlAg,0u,S.S.,Ti 409.5 3160 12 6.3 209.0 196.0 193.0 0.9Gas Flow 95% N2 5% 02 (6000)

2N4N'-ADiL-42-ýaph~thyl1-ý-phe•Tlee-,

O.010g. No. 0, 404.1 2600 48 3.3 170.9 157.0 147.0 0.9 9/A1,Ag,Gu,S.S.,Ti (500p) (210.0)y/ (172.0)

260 0.020g., Al,Ag,Cu,S.S.,Ti 404.2 2600 48 2.6 22.3 20.7 19.8 0.8 L/
(5000) (41.3)V/ (24.3)260 0.025g.,Al,Ag,Cu,S.S.,Ti 396.3 2600 3 1.7 1.4 1.1
(5000) 48 1.5 8.6 7.7 8.2 0.5 2/260 0.025g.,Ai,Ag,Cu,S.S.,Ti 396.4 2600 6 1.1 2.3 1.3
(5000) 48 2.5 8.4 7.7 7.8 0.6 V

260 0.025g.,AI,Ag,Cu,S.S.,Ti 396.5 2600 12 2.0 2.7 2.7
(5000) 48 5.4 10.4 9.7 11.8 0.4 L/

260 0.025g.,Ai,Ag,Cu,S.S.,Ti 396.6 2600 24 1.7 4.4 3.9 4.3 0.4
(5000)

260 0.025g.,AI,Ag,C u,S.S. ,Ti 397.5 26&0 48 3.0 9.9 9.1 8.3 0.6

260 0.030g.,AI,Ag,CuS.S.,Ti 402.1 Z0 6 1.7 2.2 2.0 1.7 0.4
(5000)260 0.030g.,Al,Ag,Cu,S.S.,T± 402.2 2600 12 1.3 3.0 3.3 2.3 0.5 ./
(500o)260 O.030g.,AI,Ag,Cu,S.S.,Ti 402.3 260 18 1.9 4.6 3.9 3.1 0.5
(5000)260 0.030g.,Al,Ag,Ou,S.S.,TI 402.4 2600 24 1.9 5.5 4.8 3.5 0.6 _/
(5000)260 O.030g.,AlAg,Cu,S.S.,Ti 402.5 2600 30 2.4 7.4 6.6 6.1 0.5

260 O.030g.,Al,Ag,Cu,S.S.,Ti 402.6 2600 36 2.7 9.1 8.4 8.0 0.5
(500 0

)260 0.030g.,Al,Ag,Cu,S.S.,Ti 402.7 2600 42 3.3 11.4 10.5 10.5 0.6
260 0.030g.,AI,AgCuS.S.,Ti 402.8 o00 48 2.5 38.0 34.2 34.2 0.8 9/(5000)
260 0.030g.,AI,Ag,Cu,S.S.,Ti 404.3 2600 48 2.2 12.0 10.5 10.6 0.7

(5000) (28.0) (11.2)260 O.030g.,Al,Ag,Ou,S.S.,Ti 402.9 2600 54 4.3 88.7 80.5 81.3 0.6 9/(500) •
260 O.030g. ,Al,Agu, S..,T± 402.10 2650 60 3.6 89.3 82.0 80.5 0.6 Y/( .5 0 0 °) Z
260 O.030g.,AI,Ag,Cu,S.S.,Ti 409.6 3160 12 4.7 90.5 89.0 88.5 0.9Gas Flew 95% N2 5% 02 (600o)

260 0.040g.,Ai,Ag,Cu,S.S.,Ti 260° 48 1.5 8.7 7.8 7.2 0.7 0/

S(s0) (22.6) 2/ (7.1)260 0.050g.,Al,Ag,Cu,S.S.,Ti 400.1 60° 48 3.2 11.8 10.9 10.0 0.6
(5000)

Metal Effects, Weight Loss,m9/CM2  
Metal Effects, Weight LO /C2"*11 0.50 Ag 1.04 Cu 1.78 S.S. 0.04 Ti 0.02 M/al 0.0 egts, eu 0.74 S g06i.

VAi 0.10 Ag 0.08 Cu 1.16 S.S. 0.08 Ti 0.00 i/Al 0.00 Ag 0.20 Cu 0.74 S.S. 0.06 Ti 0.04
9iAl 0.28 Ag 1.02 Cu 2.08 8.8. 0.06 Ti 0.00 E/Al 0.02 Ag 0.10 Ou 0.76 3.S. 0.08 Ti 0.12WAl 0.02 AS 0.02 Cu 0.18 S.S. 0.32 Ti 0.00 a/Al 0.02 Ag 0.20 Cu 0.7 3.8. 0.02 Ti 0.04a/AI 0.06 Ag 0.08 Cu 0.46 S.S. 0.04 Ti 0.16 00Al 0.14 Ag 0.72 Cu 0.5 8.S. 0.00 Ti 0.00
WAI 0.06 Ag 0.08 Cu 0.46 S.S. 0.04 Ti 0.16 t, Al 0.14 A& 0.00 Cu 0.50 .S. 0.00 Ti 0.10
i/Al 0.00 Ag 0.00 Cu 0.42 3.8. 0.04 Ti 0.12 I/l0.02 Ag 0. 20 Cu 0.58 3.8. 0.06 Ti 0.02L/AI 0.20 Ag 0.56 Ou 1.12 S.S. 0.14 Ti 0.10 2/Al 0.02 Ag 0.20 Cu 0.42 S.S. 0.06 Ti 0.02
F/ Al 0.06 Ag 0.42 Cu 1.02 S.S. 0.08 Ti 0.06 i/Al 0.14 Ag 0.10 Cu 0.34 S.S. 0.34 Ti 0.04/AI 0.08 Ag 0.22 Cu 0.80 3.3. 0.02 Ti 0.00 0.02 Ag 0.0 Cu 0.58 S.S. 0.02 Ti 0.06
1/AI 0.06 Ag 0.42 Cu 0.76 S.S. 0.00 Ti 0.00 2Al 0.02 Ag 0.06 Cu 0.58 S.S. 0.02 Ti 0.062/Al 0.12 Ag 0.04 Cu 0.74 S.S. 0.06 Ti 0.06 Z/Al 0.16 Ag 0.00 Cu 0.54 3.3. 0.12 Ti 0.00
1/AI 0.00 Ag 0.02 Cu 0.14 S.S. 0.02 Ti 0.00
IAl 0.06 Akg 0.08 Cu 0.4 s.s. 0.08 Ti 0.02
a/Al 0.06 Ag 0.14 Cu 0.56 S.3. 0.04 Ti 0.02
*/Al 0.02 Ag 0.08 Cu 0.74 S.3. 0.10 Ti 0.06
N.A. Too viscous for measurement.V/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of I l/hr.
&/ These values are tabulated in a separate table.

See second paragraph of Page 8 for expleaation of parenthesis.
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Table 5- Oxidations in Fluid F-50 (Cont'd) Semple 25 ml.

Additive, CCL No., Formula,) un Time, Weight inatcisclsiy Change" %. I Neutralization I~SO-octane

Concentration, Metals Present No.H 54.50Cs 100
0 C 195

0
C Insoluble,/(°% ( 13°°F ) I (2 12 9F ) 1 (38 0 umbr)

260 0.050g., AI,Ag,Cu,S.S.,Ti 404.5 260 48 2.9 10.4 9.7 9.7 0.7

(5000) (26,7)2/ (9.9)

260 0.050g.,Al,Ag,Cu,S.S.,Ti 406.1 2600 48 zl 7.7 7.5 7.1 0.4 b/

(5000)

260 0.075g.,Al,Ag,Cu,S.8.,Ti 404.6 260 48 2.6 8.8 8.0 8.2 0.5

(5000) (26.5) 2/ (7.5)

260 O.10g.,Al,Ag,CU,S.S.,Ti 404.7 260" 48 1.7 7.8 7.6 6.7 0.7

(5000) (2/.0)1/ (7.7)

260 0.15g.,Al,Ag,Cu,S.S.,Ti 404.8 260 48 2.0 10.2 9.4 9.4 0.6
(500) 26.4)2/ (9.4)

260 0.20g.,A1,Ag,Ou,S.S.,Ti 400.5 260 48 3.7 13.6 13.0 10.0 0.6
(5ooD .4 .

260 0.20g.,AlAgOu,S.8.,Ti 406.X 2600 48 3.6 10.4 10.3 8.4 0.4

(5o00)

260 0.40g.,AlAgCu,S.S.,Ti 406.3 2600 48 3.6 11.3 10.3 9.8 0.3 hi

N. N'.-i-( 2-msthvl-3-chlro-
pheiyrl)-p-phenylenediamine, 398.2 2600 48 5.0 N.M. 0.8

Ne. 350, 0.010g. (50O)
AlAgCupS.S.,Ti
350 0.030 g.,Al,Ag,Gu,S.S.,Ti 398.1 26& 48 4.7 181.0 167.0 164.0 0.8

CH %(5000)

N.N' Di- •nDhtbrl-D- l -. 5
iamibe.Ne. 260, 0.025g., and 400.7 260

0  48 4.4 23.5 21.8 20.5 0.8

•Ae N.. 82, 0.025g. (500P)
AI,,AgCu,S.S. ,Ti

gIisjala@No.260, 0.050g. and 400.9 260- 48 4.1 15.9 13.9 13.3 0.8 ./

PN.. 1a,0.005g. (500
Al,Ag,Gu,S.S. ,Ti

260 0.010g., 141 0.010g. 404.10 2600 48 3.5 130.0 120.0 111.0 0.7 8/
Ai.Ag,Cu,S.S.,Ti (500°) (166.0)2/ (134.0)

260 0.050g., *-Aai•thyl 
/

zteaeUline N.. 117, 0.005g. 400.10 260, 48 4.0 34.4 38.3 36.8 0.8 2/

Al,Ag,Ou,S.S.,Ti (5000)

N.•N' -Di- 2-namhthvl-n-Dh enalene-

i e Ne. 260, 0.010g.,
Acridine No. 82, 0.010g. and 400.8 2600 48 23.9 N.M. N.M. 2J

DiphenylsimLnidiene No. 161,0.010g. (500°)
Al,Ag,CuS.S.,Ti

SN' -Di-2-naphthyl-o-0henylene-
6±amiSJ No. 260,0.010g., 260' 48 3.7 70 6/

, No. 82, 0.010g., 404.9 464.0 59.8 0.9

'2-inh e No. 141, (500 ) (93.5)2/ (63.5)

0.010g., Al,Ag, Cu,S.S.,Ti

Metal Effects, Weight Less, mg&1
2

R/ Al 0.02 Ag 0.04 Cu 0.44 S.S. 0.00 Ti 0.00
SAl 0.42 Ag 0.48 Cu 1.08 S.S. 0.16 T1 0.04
/Al 0.00 Ag 0.02 Cu 0.82 S.S. 0.00 Ti 0.00

V. Al 0.02 Ag 0.02 Cu 0.90 S.S. 0.02 Ti 0.02

W Al 0.02 Ag 0.02 Cu 0.72 S.S. 0.00 Ti 0.00

/,Al-0.30 Ag9-0.3
2 

Cu 0.38 S.S.-O.18 Ti-0.34
g/ Al 0.32 Ag 0.38 Cu 1.28 S.S. 0.24 Ti 0.10
SAl 0.28 Ag 0.34 Cu 1.18 S.S. 0.34 Ti 0.04

V. Al 0.04 Ag 0.80 Cu 0.90 S.S. 0.02 Ti 0.02

S.Al 0.06 Ag 0.02 Cu 1.26 S.S. 0.00 Ti 0.02

h. A1 0.02 Ag 0.10 Cu 0.00 S.S. 0.00 Ti-0.28
V Al 0.06 Ag 0.02 Cu 0.30 S.S. 0.00 Ti 0.00
j/ Al 0.02 Ag 0.10 Cu 0.46 S.S. 0.02 Ti 0.02

W A1-0.24 Ag 0.02 Cu 0.78 S.S.-0.12 Ti 0.00

•. Al-0.24 Ag 0.56 Cu 1.88 S.S. 0.02 Ti-0.26

j/ Al 0.02 Ag 0.14 Cu 0.70 S.S. 0.02 Ti 0.02

N.M. Tao viscous for measurement.

I/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 l/hr.

2/ These values are tabulated in a separate table.
2 / See second paragraph of Page 8 for expianation of parenthesiso
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Table 5. Oxidations in Fluid F-50 (Cent'd)
Sample 25 ml

Additive, CC oFrua u emp. Time, IWih KneticVscosit Ubange. C. I Neu;traliation Iso-octeneConcentration, Metals Present No. HoursI Loss, 54.5°C 1001C 29500 I Number Insoluble,2/F OF IClo0)(21-FC) (383-F)%

Ne. 161
-05g., hlAgCu, .S.,Ti ./ 396.13 2600 3 2.6 6.4 6.5(5000) 48 5.7 50.7 47.4 45.0 o.8 1/

161 O.05g.,Al,Ag,Cu,S.S.,Ti 397.3 260P 3 1.5 6.6 7.3
(5000) 48 3.5 232.0 217.0 246.0 0.9

161 O.lOg.,AlAgCu,S.S.,Ti 396.14 2600 3 1.7 7.9 8.2
(5006) 48 2.6 19.2 18.3 19.3 0.6 _/

161 O.05g.,AlAg,Cu,S.S.,Ti 396.11 2600 24 2.2 15.4 15.0 15.0 0.7
(5000)

161 0.05g.,A1,Ag,Cu,S.S.,Ti 397.4 260 24 2.8 16.4 15.7 15.9 0.6
(5000)

161 0.1Og.,A1,Ag,Cu,S.S.,Ti 396.12 o20 24 2.9 15.7 14.0 14.3 0.2
(5000)161 0.20g.,AI,Ag,Cu,S.S.,Ti 400.6 2600 48 4.2 26.0 25.6 25.6 0.5

NH(5000)

ji No. 82, 0.05g., 400.2 260c 48 4.0 26.6 25.1 23.4 4.0 2/Al,Ag,Cu,S.S.,Ti (5000)

82 O.O5g.,AI,Ag,Cu,S.S.,Ti 406.4 2600 48 3.2 19.4 17.8 16.7 0.8
(5000)82 O.05g.,Al,Ag,Cu,S.S.,Ti 409.10 3160 12 6.3 172.5 164.5 166.0 1.1 ./Gas Flow - 95% N2 5% 02 (6000)

82 0.075g., Al,Ag,Ou,S.S.,Ti 406.5 2600 48 3.4 19.3 18.4 17.5 0.6
(5000)82 O.lOg.,AI,Ag,OU,S.S.,Ti 396.7 260O 3 2.0 2.1 2.4
(5003) 48 3.0 18.5 17.5 16.7 0.7

82 0.10g., AI,Ag,Cu,S.S.,Ti 396.8 2600 6 2.3 3.6 2.8
(5000) 48 3.6 37.9 34.6 33.3 0.8 3/82 O.lOg.,AlAg,Cu,S.S.,Ti 397.2 260c 6 1.5 3.2 2.8
(5260) 48 1.3 20.5 19.3 18.9 1.0 3/82 0.10g., A1,Ag,Ou,S.S.,Ti 396.9 2600 24 0.04 9.9 8.9 8.8 0.5/

(5000)0.4 99 .988 05Z82 O.2og.,Al,Ag,Cu,S.S.,Ti 400.4 2600 48 4.5 65.8 60.8 55.8 1.0
(5000) R/

•rNo. 374,

0.05g., AI,Ag,Cu,s.S.,Ti 406.6 460.(5000) • 31 1. . 35 08S
O.075g.,Al,Ag, Cu,S.S.,Ti 406.7 2600 48 3.0 10.5 10.6 9.0 0.6 L/

(5000)

Metal Effects, Weight Less, mg/oM2
m/Al 0.06 Ag 0.50 OCu 1.02 S.S. 0.02 Ti 0.02Al 0.12 Ag 0.40 Cu 1.54 S.S. 0.22 Ti 0.16

Al 0.04 Ag 0.30 Cu 0.90 S.S. 0.02 Ti 0.00/ Al 0.02 Ag 0.12 Cu 0.82 S.S. 0.02 Ti 0.00
/ Al 0.14 Ag 0.20 Ou 1.04 S.S. 0.10 Ti 0.08/ Al 0.04 Ag 0.22 Cu 0.60 S.S. 0.00 Ti 0.00SAl-0.24 Ag-0.10 Cu 0.58 S.S.-1.76 Ti-0.282/ Al-O.12 Ag 0.00 Cu 0.08 S.S.-0.16 Ti 0.00/ Al 0.46 Ag 0.54 Cu 0.96 S.S. 0.22 Ti 0.22a! Al 0.32 Ag 0.04 Cu 0.34 S.S. 0.10 Ti 0.00

2/Al 0.42 Ag 0.36 Ou 1.28 S.S. 0.24 Ti 0.101/ Al 0.02 Ag 0.62 Cu 0.88 S.S. 0.00 Ti 0.00
m/ Al 0.04 Ag 0.72 Cu 0.92 S.S. 0.02 Ti 0.02
j/Al 0.10 Ag 0.22 Cu 0.66 S.S. 0.16 Ti 0.16
2/ Al 0.12 Ag 0.24 Cu 0.90 S.S. 0.00 Ti 0.002/ Al 0.14 Ag 0.16 Cu-0.06 S.S.-O.14 Ti-0.24
j/ Al 0.30 Ag 0.20 Cu 0.78 S.S. 0.06 Ti 0.06

'/Al 0.22 Ag 0.16 cu 0.68 S.S. 0.14 Ti 0.04
a Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 1/hr.These values are tabulated in a separate table, Table 6.
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Table 5 . Oxidations in Fluid F-50 (Cent'd)
Sample 25 ma

Additive, CCL No., Formula, t Run Temp. Time, |Weight Kinematic Viscosity Chanee. %. Neutralization Iso-octane
Concentration, Metals Present | No. ( 0 C I H Loss, 54.50C I 100°C 195

0
C I Number Insoluble,/

F(O) % (130PF) C(2120 F) (3830
F)

0'-O.05g. 1/ 409.8 3160 12 5.0 71.7 70.0 74.0 1.3 _/
Al,Ag,Cu,S.S.,Ti, Ne. 128 (600P)
Gas Flew 95% N2 5% 02

K-Lhoo ehome.1 0.10g. 406.10 2600 48 4.1 170.0 158.0 14ý.o 0.6
Al,Ag,Cu, S.S.,Ti, No. 141 (500W )

__--____________N*. 383, 409.9 3160 12 5.2 149.0 144.0 144.0 1.2

0.05 g., A.,Ag, Ou,S.S.,Ti (6000)
Gas Flew 95% N2 5% 02

k'-
4
m Pd"'ws . No. 360, 396.10 260 24 1.6 5.6 5.6 6.0 0.6 4/

0.lOg.,Al,Ag,Ou,S.S.,Ti (5000)

0.05g. AI,Ag,Cu,$.S.,Ti 409.7 3160 12 3.6 98.0 99.5 99.0 0.9 A/
Gas Flew 95% N2 5% 

0
2 (W°)

2./4-Bis- (phenylmeroaoto)
teluene Ne. 372, 0.20 ml. 406.8 260 48 3.6 31.2 28.8 19.0 0.6
Al*AI,Cu,S.S.,Ti (5000)

"TrMP h~y- h 1mlr Isila e, 40. 260° 8S

T eh, •6,O~l~g. 406.9 2600 25.2 N.M. N.M.
AI,Ag,Cu,S.S6,Ti (5000.)

(Cal]3 & -Cr

Metal Effects, Weight Less, mg/cm
2

a/ Al 0.28 Ag 0.04 Cu 0.70 S.S. 0.36 Ti 0.02
bJ Al 0.76 Ag 0.10 Cu 0.78 S.S. 0.06 Ti 0.08
c/ Al 0.06 Ag 0.10 Cu 1.06 S.S. 0.60 Ti 0.00
4/Al 0.04 Ag 0.38 Cu 1.08 S.8. 0.02 Ti 0.00

Al 0.10 Ag 0.02 Cu 0.28 S.S. 0.44 Ti 0.02
SAl 0.22 Ag 0.26 Gu 2.88 S.8. 0.08 Ti 0.06
Al 0.38 Ag 0.08 Ou 2.18 S.S. 0.02 Ti 0.04

N.M. Too viscous to measure.

2/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rite of 1 I/hr.
These values are tabulated in a separate table, Table 6.
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TAM 6

Behavior of Insolubles in Oxidized P-50 Blend

Additive, CCL Ne. aad Cezeextratien RuM Time Teaeratu-we Peiorate lusle=Metals Present No. Hours 0 Oil Isegetane Aeetee Iseoctaxe
(o) -. k ,r Weak PraeMn9tat,

Seae, Al,hg,Cu,S.S.,Ti 396.1 24 2600 1.03 0.03 0.03 Q.OQ
leNs, hgCu,.S.,Ti 397.1(5000)

397.1 24 2600 Gel.
(5000)UKe*, A1,hg,Cu,S.S.,Ti 396.2 48 2600 Gel

ene, AIhg,Cu,S.S. ,Ti 409.5 12 3160 5.86 0.42 0.30 10.00(60CO)
.N'J-Dli-2-naht-1--n..phvl~me r "m.A e- 404.1 48 960° 0.41 N.D. N.D. 0.09No. 260r, o.olog., Al,•,Ous.s.,,Ti -(500P)

260 0.020g.,,-h1A,Cu,S.S.,Ti 404.2 48 26d0 0.81 0.02 0.02 0.21

260 .025.,AlA9,CS.STI(5000)260 0.025g. ,l,As,0u,s.s. Ti 396.3 48 2600 0.62 0.03 0.03 0.08
260 0.025g.Ahg,Cu, S.S. ,Ti 396.4 48 2600 0.71 0.04 0.03 0.31
260 0.025g.,A1,AgCu,S.S.,Ti 396.5 48 2600 0.66 v.03 0.03 0.09

(5000)260 0.025g.,A.,Ag,c,,s.s.,T± 396.6 24 2600 1.13 0.04 0.04 0.20
(500:0)260 O.025g.,A1,Ag,Cu,S.S.,Ti 397.5 48 260 0.70 0.02 0.01 0.-24
(5000)260 0.0l0g.,AlpACuS.S.,Ti 398.3 48 2600 0.76 0.01 0.01 0.12
(5000l)260 O.03g., AlAgCu,S.S.,Ti 402.1 6 2600 0.92 0.00 0.00 0.28(500 0) 0

260 O.03g., Ah#AgCu,S.S.,TI 402.2 12 2600 2.47 0.05 0.03 0.28
(500')260 0.03g., A1,Ag,Cu,S.S.,Ti 402.3 18 260 1.56 0.02 0.00 0.19
(5000)260 0.03g. P,AJ.,h u,S.S.,Ti 402.4 24 260o 1.41 0.02 0.00 0.15

260 O.03g.,LIAg, u,S.S.,T± 402.5 30 260° 1.09 0.01 0.00 0.21(5o00)
260 0.03g.,ApAg,Cu,S.S.,Ti 402.6 36 2600 1.39 0.00 0.00 0.23260 .03gAlAgCS~sTi(5mo o)
260 0.03g.,AlACu,S.s. ,T± 402.7 42 260 1.48 0.00 0.00 0.11

(500)1260 O.03g.,iAg, Cu,,S.S.,Ti 402.8 48 260' 1.66 0.00 0.00 0.14

260 -03gy~lAgy~yS.STi(500:)260 O.03g.pAi,Ag,cOu,s.g.,T± 404.3 48 260 0.59 0.03 0.03 0.43
(5000)260 0.03g.,Al,AgCu,S.S.,Ti 402.9 54 2600 1.08 0.00 0.00 0.12
(5000)260 O.03g.,h1,Ag,u,S.S.,Ti 402.10 60 260 1.69 0.00 0.00 0.09
(500o)260 O.03g.,A1,g, 0u,S.S. ,T 409.( 12 3160 4.-2 0.29 0.22 5.71260 -049,AIAgCS.STi(6000)260 0.04g. ,A1,Ag,u,S.S.jTi 404.4 48 2600 0.92 0.08 0.01 0.55

(5000)260 O.05g.,h:,A9,Ou,S.S.,Ti 400.1 48 2600 0.92 0.02 0.02 0.34(Do~o)260 0.05g.,A,Ag,Cu,pS.S.,Ti 404"5 48 2600 1.34 0.03 0.01 0.57

(5000)260 0.O5g.,AI,AgOu,S.s ,Ti 406.1 48 2600 0.62 0.04 0.02 1.28
260 0.075g.,AI,Ag,Cu,S.S.,Ti 404.6 48 2609 0.80 0.00 0.00 0.57

(500•)260 O.lOg.,Al, ,Cu,S.S.,Ti 404.7 48 2600 1.03 O.Q6 0.05 0.60
260 0.l5g.,A1,Ag,Cu,S.S.,Ti 404.8 48 2600, 1.53 0.22 0.16 0.63

260 0.20g, Al,AgCa,S.S.,Ti 400.5 48 260 1.82 0.01 0.00 0.21260 .20gAl~gGS.STi(500oo)
260 0.2g.,A1,Ag, Cu,S.S.,Ti 406.2 48 2600 1.21 0.42 0.40 1.75.(5000)
260 0.40g.,Al,Ag,CuS.S.,Ti 406.3 48 (00) 2.40 1.33 1.33 2.64

(5000)
0- 398.2 48 260° Not FterableNe. 350, O.OlOg.,AI,Ag,Ou,S.S.,Ti (5000)

350 0.030g.,Ai,Ag,cu,S.S.,Ti 398.1 48 2600 0.93 0.01 0.01 2.56
(5W00)

WADO TR 53-293 Ptn11I 32



Table 6. Behavior of Insolubles in Oxidized F-50 Blend. (Cont'd)

.Additive, GOL No., pad GCoceatratien Run Time Temporature Percenta~e Ineliuble
Metals Present No. Hours OC Oil Iseectane Acetone Iseoctans

(F) . Wash Wash Precipitate

NX -fI-2-nipbtb".n-ph =han-aned4amius" o
No. 260, 0.025g. and LnzifUlu, No. 82, 400.7 48 260 1.35 0.17 0.16 0.25
0.025g., AI,Ag,Cu,8.S.,Ti (5000)

E.N'-Di- 2-nanhthvl-n-chen~vlenedie~he. 0

No. 260, 0.050g., and &-Phenrlmoroholine, 400.9 48 260 0.91 0.02 0.00 0.29
No. 141, 0.005g., Al,Ag,Cu,S.S.,Ti (5000)

260 O.O01g. and 141 0.010g. 404.10 48 2600 1.66 0.00 0.00 0.15
AlAg,CuS.S. ,Ti (5000)

U.N'*-Dli-2-nnghthvl~ -h envl enediamine.

No. 260, 0.010g., Acridiae. No. 82, 400.8 48 2600 Gel
0.010g., and No. 161, (5000)
0.010g., AI,Ag,0u,S.S.,Ti

NHA'-Di-2- aohthyl-v-nhenylenediamine, 0
NB. 260, 0.010g., A 4±i No. 82, 404.9 48 260 2.02 0.02 0.02 0.16
0.010g., and Lj.haayj-2lm M Ne. 141, (5000)
0.010g., AI,Ag,Cu,S.S.,Ti

N.N'-Di-2-nanhthvl--..henylenediasine 0
N.. 260, and _N-Ankethybhercholine 400.10 48 260 1.44 0.14 0.12 0.14
N.. 117, 0.005g. (500°)

Diaheny1guamidine, Ne. ;L61, 0.05g. 396.13 48 2600 0.99 0.02 0.01 0.83
Al,Ag,Cu,S.S.,Ti (5000)

161 0.05g., Al,Ag,Ou,S.S.,Ti 397.3 48 2600 0.89 0.02 0.01 0.26
(5000)

161 0.10g., Al,Ag,Cu,S.S.,Ti 396.14 48 2600 2.33 1.44 1.43 2.22
(5000)

161 0.05g. Al,Ag,Cu,S.S.,Ti 396.11 24 2600 1.00 0.04 0.0/ .0.28
(5000)450°

161 0.05g. Al,Ag,Cu,S.S.,Ti 397.4 24 2600 0.53 0.02 0.01 0.18(5oo•)
161 O.lOg.,AIl,A,Cu,S.S.,Ti 396.12 24 2600 0.87 0.04 0.03 1.34

(500 0)
161 O.20g.,Al,Ag,0u,S.S.,Ti 400.6 48 :600 0.93 0.06 0.04 0.32

(5000)

Acridine, No. 82, 0.05g. 400.2 48 260° 1.22 0.00 0.00 0.13
A1,Ag,Cu,S.S.,Ti (500°)

82 0.05g., AIAgCu,S.S.,Ti 406.4 48 2600 0.56 0.00 0.00 1.92
(5000)

82 0.075g., AI,Ag,Cu,S.S.,Ti 406.5 48 2600 0.66 0.00 0.00 1.79
(5000)

82 0.l0g.,A1,Ag,Cu,S.S.,Ti 396.7 48 2600 0.77 0.02 0.01 0.15
(5000)

82 0.l0g.,AI,Ag,0u,S.S.,Ti 396.8 48 2600 0.71 0.02 0.01 0.10(5oo•)
82 0.10g., AI,Ag,Cu,S.S.,Ti 397.2 48 260- 0.66 0.03 0.01 .0.52

500 )
82 0.10g., A1,Ag,CuS.S.,Ti 396.9 24 2600 1.03 0.03 0.01 0.10

(500p)
82 0.20g., Al,Ag,Cu,S.S.,Ti 400.4 48 2600 1.37 0.02 0.00 0.16

(5000)
82 0.05g., AI,Ag,Cu,S.S.,Ti 409.10 12 3160 4.82 0.36" 0.24 3.51

(600")

-Morcan'cs se. Ne. 375, 0.05g. 406.6 48 260' 0.62 0.02 0.00 2.70AI,Ag,Cu,S.S. ,Ti (500° )

No. 375 0.075g., Al,Ag,Cu,S.S.,Ti 406.7 48 2600 0.96 0.05 0.01 3.28
(5000)

2.2'-flipvidvla~ine No. 128, O.05g., 409.8 12 3160 3.68 0.41 0.28 6.83
AI,Ag,Cu,S.S.,Ti (6000)
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Table 6# Behavior of Insolubles in Oxidized F-50 Blend. (Cont'd).

Additive, COL No., and Cencentratien Run Time Temperature Perceentae InsolubleMetals Present He. Hours oc Oil Iseectane Acetele Iseactane
(--) Wash Wash Preoinitate

I-Phe .L lrpholine, No. 141, 0.10g. 406.1o 48 260 1.38 0.01 0.00 2.71A1,Agcu,S.S.,Ti (5000)
Di-Zwnahy e N*. 383, 0.05g., 409.9 .12 3160 4.40 0.36 0.28 2.69AI,Ag,Cu,3.S.,Ti (6000)

- h N.. 360, 0.05g. 409.7 12 3160 4.79 0.36 0.28 3.68Al,Ag,Ou,a.S. ,r± (60O°)

360 0.10g., Al,Ag,0u,S.S.,Ti 396.10 24 2600 1.23 0.13 0.13 0.10.
(500 0 12 01).1 .0

h4.bisCDhey1 mercaBe-teluee N.. 372 406.8 48 260 1.27 0.00 0.0050.20g., Al,Ag,Ou,S.S.,Ti (5000)

frmuhew1-o.-oheay y•i ne, Tech., 406.9 48 260C Gel
No. 356, 0.10g., Al,Ag,0U,S.S.,TI (500P)
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TANSi?
Oziistieas Is 0. 16. SiUOee huld No. 81,.06 (MM 53-446) 25 al. wV)

Additive, CcL No., Formula, IRu Temp. Time I Weight |Kinematic Vio sity Chane. 7b 1 Neutralization Iso-octane
Concentration, Metals Present s No. 0C I Hours i Loss, F 54"5°C (308C 1950 0 Number Insoluble,

Nasz, No Metals V 338.5 260 24 3.2 76 71 N.Do 008 0.1

0
Nests, Us Mewsl V 339.5 2600~ 48 5.1 8.1iA N.M. N.M.

(500)

Nese, NO Y,•t l 335.2 316' 12 2.3 50 46 2.2 o.1
(6 oW)

M.esAl, Ago, Cu .8., 8pTI 338.9 2601 24 3.4 93 87 0.8 0.025/(5660)

hue, Ali, Ag,, O .8.,Ti 8 T 339.9 260° 48 22.9 S0111 N.Mo N.M.

0-005 9.o Alp •,C,,S-B.,A 3/ 355- 26 24 3.5 50 47 53 3.5 0.00 J/

(5000)

0.003., Al, Al#AgvuS.S.,TI 2/ 34.910 1 4 2.8 3. 82 39 1.3 0.14
0

0.05 5., Al, AgCuS.S.,TI 350.5 360 24 2.1 16 18 16 1.0 0.02 L
0.o05 g., Al, Ag,Cu,S.S.,Ti 3/ 355.1 26•00 24 L3. 50 47 53 3.5 0.00 g

0.O05 g., Al, Ag,0u,S.8.,Ti 2,/ 349.10 2600 48 2.8 30 30 1.0 0.16 £/

(500)

0.021 g. Al.,Agp,,CS.s.,TI 350.1 3. 60 24 2.2 9 81 1N8 .8. 1.2 0.02 /

0.050 g., A AgvCuS.S.,Ti L/ 355.4 "60° 24 1.9 5 5 4 1.9 0.7
(jo°)

0.050 g., h, ,AgCuS.S.,Ti L/ 355.6 2600 48 2# 1 9 9 7 2.5 0.6

0.050 g., ALAvg,Cu,S.S.,Ti 2/ 357.1 260" 48 5. 5 1. 12 9 0.6 0.08 3/
(purined No. 26o)(o)
0.050 g., lA.CuS.S.,Tqi 1/ 357.2 2600 2.7 1 19 15 1.9 0.72 IL/

(5000)

L/, Gas Pmlev 1/r. - -Air
Yl Ga 7ov ilm-. - 95% N2 - 5% o0
. Metal Effeeto Weight Lose, Wg/,. Metal Efect, Weight Loes, Mg/am' Metal EUTo0t,We1ght Lone,
A/ Al0.34 Ag1.10OCu 0.96 B.S.O0.50 Ti-0.08 AlO. 26 A O. 520CuO.94 B.S.O0.26 Ti0.10 'g/-,,
0 A0 0.18 Ag 1.22 On 2.96 S .S. 0.74 Ti 0.00 48 0.18 g 0.44 Cu 1.58 B.S. 0.10 Ti 0.04 a/Al0.OAg 0.18 Cu 0.96

.A 0.88 Ag 0.54 Cu 1S.S.40 0.88 TI 0.12 4 l 0.12 Ag 0.12 Cu 1.24 B.S. 0. 9 Ti 0*16 B.S. 0.08 TL 0.04
•.Al O.O4 Ag 0.36 Gn 0.84 S.S. 0.04 Ti 0.00 Al0o06 Ag 0.28 Cu 1.06 B.S. 0.04 Ti 0,02 g/ Al 0.2D A 0.48 ,u 1..48j/ Al 0.10 g 0.46 Cu 0.94 S.S. 0.16 Ti 0.12 0l 0.24. 7 0.58 Cu 1.02 S.S. 0.66 Ti 0.7 4 Ti 0.04

l 0.18 0.30 Cu 1.2/ B.S. 1.04 Ti 0.02
Al 0.04 Ag 0.56 Cu 0.39 8.S 0.00 Ti 0.0,

j/ Al 0.08 Ag 0.16 Cu 1.30 3.3.-0.00 Ti 0.04

N.D. Not Determined.
N.M. too Viscous for measurement.,
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Table 7. OKidations in 0. X. Silicone Fluid No. 81406 (MLO 53-446) (Cont'd)
25 ml Sampl.Aditive, CCL NO., For ula, Run mp. I Time, |Weight jKinematic icosi hso-octaneConcentration, Metl Prease NO. ._ _.(0 HoFr) I (1,OOF).5 (21l°F) 1(53F * Number Insoluble,

N .*-D Ba-Nhtbyl-k-ph lans- 0
3, No* 260# (Contvd 355.7 260 0 48 6.0 9 9 6 6.0 0.5

0.10 g. AlAg,Cu,S.S.,Ti I/ (wO°F)
0.10 g. AIAgCuCa-M4b,Ti A 355.9 2 60 C 24 2.9 5 5 4 2.9 0.8 k/

(500ay)
0.10 gAlAgCuCr-4,Ti 1/ 355.10 2600 C 48 2.6 10 10 9 2.6 0.8

0.25g. Ah,AgCu,S.S.,Ti 355.8 260C0 48 7.1 10 10 7.1 0.8 j/
N r\ N (5060e)

phe -'£L--phemyeae iambe,
No. 35000125g., A3,AgpCu,8..,Ti ./ 349.2 260OC 24 2.1 13 12 ,12 1.0 0.02 9/

0.0I25g.,AlIAg*CuvS.S.,Ti &/ 349.7 26000 48 2.4 23 22 1.3 0.02IN s L'4 " (50°0p) 2 , .2£

a-Amiaodtphemyla-ine, No. 3600.0125g., AlhAgu,8.S.Ti 2/ 349.3 260°C 24 2.2 26 24 28 1.1 0.02 ,/
401$o.•-,•ACu,s.s.,Ti 2/ 349.8 2600C 48 3.1 66 61 00 o.8 0.04 I/

tCo Y ( JNlh ( i

Thbo.rbazilide, No. 3320.01259g, AI,Ag,OuS.S.,Ti 2/ 349.1 2600• 24 2.9 58 54. 2.1 0.0059

0.0125g. AIAgOuS.S.,TI. 2./ 349.6 26000 48 3.7 12D 114 127 1.0 0.00 j/
14 H (500011)

-N

Stamnous nephthenate, No. 3730.005g., AI,Ag#,OuS.S.,Ti3/ P 349.4 260eC 24 2.3 62 58 74 0.9 0.1 6/
(50600)

0.005g., AlAgCu,8.S.,Ti 21 349.9 26000 48 3.5 119 3-12 162 1.1 0.0 A/
(5000F)

AlGas Flow 1 :l/*u.- Air"Ga s Flo 1 1Ar.- 95% N2, 5% 0,.
Metal Effeot, Weight Lass, zW.•,'

I/ Al 0.02 Ag 0.40 Cu 1.20 S.S. 0.06 Ti 0.02A l 0.10 Ag 0.22 Cu 1.18 Cr-Mo 0.32 Ti 0.12
A l 0.02 Ag 0.52 Cu 1.68 Cr-Mo 0.14 Ti 0.04
Al 0.04 Ag 0.46 Ou 144 S5S. 0.02 Ti-0.08/ Al 0.00 Ag 0.30 Cu 1.38 SS. 0.12 Ti 0.10
Al 0.04 Ag 0.48 Cu 0.84 S.S. 0.06 Ti 0.02

SA1 0.00 Ag 0.52 Cu 0.72 s.5. 0.18 Ti 0.00
F Al 0.00 Ag 0.90 Ou 1.00 S.5. 0.32 Ti 0.16A Al 0.14 Ag 0.84 Cu 1.26 S.S. 0.58 Ti 0.14Al 0.10 Ag 0.92 Ou 1.56 S.S. 0.56 Ti 0.04

A l 0.06 Ag 0.88 Ou 0.86 S.S. 0.48 Ti 0.04Al 0.12 Ag 0.74 Cu 1.04 s.s. 0.36 Ti 0.08
N.D. Net yet determined.
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TABLE 8
Oxidations in Didodecyl Dioctyl Silane, MLO 57-161____________________________________________________________Sample 25 ml. Air Plow 1 1/Hr.

Additive, CCL No., Formula, 7 Run Tep. Time, Weight Kinematic Viscosit Chan e 7 Neutralization Iso-octane
Concentration, Metals Present | No. ( 00 H Los 54.5 0 C I 1000C 1950C Nwmber Insoluble

(OF) r %s 1300
F) (212Nu) e

0
r W

None, No Metals 4X. 2600 48 5.2 70.0 51.8 38.4 11.8 0.04 0.02
(50 o)

None, No Metals 421.2 2o 40 6.8 70.7 50.3 45.3 2.8 0.01 0.52
(5000)

None, Al Ag Cu S.S. Ti 420.4 2600 48 4.9 49.2 44.1 34.4 3r.6 0.09 0.11
0.0 .14 .80 .16 .18 (500o)
.04 .06 .12 .10 .04

None, Al Ag Cu S.S. Ti 421.5 2600 48 10.1 117.0 88.8 65.0 4.4 0.05 0.51
0.18 .2D .34 .36 .02 (5000)
.1O .16 .06 .12 .02

Phenyl selenide, No. 282CB, 0
0.20g.Al Ag Cu S.S. Ti 421.8 260 48 6.9 53.8 41.2 31.0 2.0 0.09 0.71

0.22 .28 3.74 1.26 .12 (5000)
.22 .70 .98 .86 .18

(0•,) ass

S.Phn•I1benzose1enazole,No. 300B,
0.20g.,AI Ag Ou S.S. Ti 420.7 260o 48 4.2 43.8 34.9 29.7 4.0 0.14 0.16

0.66 .34 1.42 .28 .28 (5000)
.04 .12 .16 .00 .02

30OB, 0.30g. 421.7 2600 48 5.6 51.5 41.2 35.5 5.8 0.07 0.49
hi Ag Ou s.s. Ti (5000)

0.24 .2D .76 .78 .06.3.4 .30 .20 .06 .3J+

L4. S.'\, /

Acridine, No. 82, 0.24g. 421.9 2600 48 4.4 67.7 53.7 37.9 0.8 0.13 0.60
Ai Al Cu S.S. Ti (5000)

0.74 .36 .68 .82 .28
.22 .30 .28 .12 .20

C

0
Coopper eebacate*.2,2'-dipyridy1- 421.10 260 48 7.3 191.5 180.0 126.0 2.1 N.F. N.F.
&mine (Complex), No. 395, 0.30g. (500P)

Al Ag Cu S.S. Ti
0.18 .12 1.40 .80 -. 26

.10 .28 .32 .42 .36

The Values under W are the per cent oil insoluble after the isooctane wash. The values under P are the per cent solid
precipitated by oxidation of isooctane to the filtered fluid.

N.F. Not Filterable.
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TAEL 9
Oxidations in Di-3 -Dodecyl Di-a-Octyl Silane, MLO 56-611

Additive, CCL No., Formula, Run E Toep. Time, Weight lKinematic Viscosity Chanse. 6. Neutralization Iso-octane
Concentration, Metals Present• No. 0 : :Hours I Loss, 54.500 0C 10000 195c I N er

- ~ (OF) I % I(1300 F) (21;F) C.85F %
None, No Metals 420.2 2600 48 1.1 5.2.5 40.4 31.1 5.1 0.20

None, No Metals 421.3 260 48 5.2 45.7 36.2 28.4 2.8 0.53

None, AlAGuS.S.,T 420.5 48 7.7 13.6 86.4 64.7 4.1 0.79 1/

Yne, A1,Ag,CGS.S.,Ti 421.6 2 48 5.3 65.5 49.8 36.8 3.6 0.63 0/(500)

None, AI,Ag,Cu,Cr-*Mo,Ti 361.i0 i/ 36 4.2 45.5 34.4 N.D. 3.7 0.1 V

None, AI,Ag,Ou,S.S.,Ti 364.10 i/ 48 6.4 38.4 31.6 N.D. 2.1 0.1 •/

2,2'-Dipyridylanine, No. 128, 359.10 260°C 48 4.8 62.0 53.0 N.D. 4.6 6.9 1/
0.20g., Al,Ag,Cu,S.S.,Ti (500°,)

Phenyl selenide, No. 282
PCB, 0.20g., Al,Ag)Ou,S.S. 359.6 200 48 7.5 51.4 39.8 N.D. 6.6 0.2
Ti (5oOPF)(C•H,),se

Di- (2-hdroxy-1-naphthyl)
seleaide, No. 307, 0.2Og., 359.8 2600C 48 6.2 47.8 37.1 N.D. 2.8 0.2 Li
Al,Ag,Cu,S.S. ,Ti (50O0F)

Se

2-Phenylbenzoselenazole, 0
No. 300B, 0.20g., AlAg, 359.7 260 C 48 6.0 53.0 43.5 N.D. 5.3 0.2 g/
Ou,8.S.,Ti (500°F)
0.IOg.v,AlAg,Ou,G.N.,Ti 361.9 i 36 5.3 46.2 35.8 M.D. 3.4 0.2 i/
0.20g.,AlAg,CuS.S.,Ti 360.8 i/ 36 4.6 36.7 29.2 N.D. 4.4 0.1
0.40g.,Al,Ag,Cu,S.S.,Ti 360.9 J 36 6.3 38,8 31.2 M.D. 5.4 0.1 1/
0.40g.,AlAg,Ou,Cr-MoTi 360.10 60 36 6.1 43.0 36.0 M.D. 4.0 0.2 i
0.10g. ,AI,Ag,Ou,S.S.,Ti 364.9 48 8.4 52.7 43.3 N.D. 2.6 0.1
0.2Og.,AIAgCu#S.S.,Ti 420.8 20 48 6.1 55.7 42.3 31.8 5.0 0.2 g/

(5000)

1,4,2 -Benzoselenazin-3-one,
No. 308, 0.20g.,Al,Ag,Cu, 359.9 260 C 48 6.2 52.0 40.7 N.D. 2.6 0.2 2 /
S.S.,Ti (5000F)

if 24 hours with air at 260&C add 12 hours with 95% N2 and 5% 02 gas mixture at 31600.
2600C for 24 hours, raised to 31600 for 12 hours, after 36 hours the temperature dropped back to 2600C for 12 hours
with 95% Na and 5% 02 gas mixture.

9/ Al 0.32 Ag 0.10 Cu 0.26 Cr-Mo 0.34 Ti 0.10 a/ Al 0.44 Ag 0.10 Cu 1.36 S.S. 0.32 Ti 0.18
Al 0.38 Ag 0.62 Ou 0.86 S.S. 0.50 Ti 0.10 Al 0.36 Ag 0.06 Ou 0.56 S.S. 0.46 Ti 0.18

i/ Al 0.08 Ag 0.08 Cu 1.34 S.S. 0.86 Ti 0.22 Al 0.38 Ag 0.30 Cu 1.44 S.S. 0.46 Ti 0.18
Al 0.16 Ag 0.40 Cu 2.28 S.S. 2.44 Ti 0.10
Al 0.10 Ag 0.10 Ou 0.70 S.S. 0.30 Ti 0.00

Fi Al 0.64 Ag 0.10 Cu 0.62 Cr-Mo 0.24 Ti 0.24
Al 0.52 Ag 0.40 Cu 0.62 S.S. 0.56 Ti 0.30
Al 0.30 Ag 0.32 Cu 0.84 S.S. 0.86 Ti 0.46
Al 0.00 Ag 0.46 Cu 1.68 Cr-Mo 1.84 Ti 0.64
Al 0.12 Ag 0.36 Cu 0.90 S.S. 0.48 Ti 0.18

i/ Al 0.32 Ag 1.28 Cu 6.42 S.S. 1.46 Ti 0.00

1/-Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of

M.D. Not yet determined.
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o0stlems Ina eta•deoyl-trI-A-Ootyl Sileus, JEU 56-578

MIOtle, CCL Ns., iormula, t u T ime, Weight jn"Kinemtlc Viscosity 0C1n7e., I Neutralization I Iso-oatane
Concentration, Metals Fresent o I(os) 54..C I0  00C C ° I

Name, is Metal. 4W.3 -o 48 7.4 52.5 0.5 57.4 7.6 0.17

sows ts" 4J I 48 84. 93.5 70.0 53.0 3.3 0.53

"m, A:,Ag,OuIS.&,TI 4Zo.6 Q 48 6.7 85.5 63.6 47.7 5.5 0.17 9/
NommA1, 6.,Ti1 42 1,4 48 6.8 70.2 52.3 38.1 3.9 0.60 0/

Ioe, Ahlh,Ou, 6.8.,!i 356.6 a600 24 8.9 104.0 79.4 N.D. 4.4 0.3 el
(50*0)

MSo", liu,SJ..,Ti 35667 2600 A 31.9 2)3.0 149.5 N.D. 5.3 0.1 I/

len., hlAgu,Oz..sTi 361.8 g/ 36 5.2 56.3 41.0 N4D. 4.5 0.2 g/

Me", hl,Ag,Cu,8.8.,Ti 364. / 48 10.2 68.5 54.0 N.D. 2.3 0. 2 :

1he3Gv'~-& mahthY1auIzo,
Ne. 61, 0.lO2g.,l,AgCuvS.S., 357.10 260C 48 10.5 111.0 83.5 N.D. 5.1 0.3 Ll

Aorli, ., No. 82 (rearyst.), 356.9 26060 C 48 4.5 491.0 299.0 N.D. 3.6 0.1 3 /
0.08 g., .S.,Ti (5001)

i,N -Di-.2-. ahth'l-k,-

phoanyl-iiamine, No. 260, 356.10 20C 48 14.5 .000.0 592.0 I.D. 3.8 0.2
O.10g., Al,Ag,Cu,S.S.,Ti, (54)

I-v.Ydr*xY-3, 5-4 g..-
butyl b--v'l dimothylamip., 356.8 260°0 48 14.2 405.0 285.0 N.D.. 3.8 0.2 ,/
No. 371, AlAg,ou,OS.S.,Ti (50007)

2,;2-DIpyridylAmIR*, go. 128, 357.7 260&0 48 8.2 77.0 59.3 N.D. 4.8 0.3 9/
0.10g.., LAg#,u,s.S.,Ti (5o007)

O.2g.p A1,AgpCuS.S.,Ti 359.5 260&C 48 8.5 173.0 126.0 M.D. 2.3 0.3 k/
N H (5000F)

2,2'--Dlpyridy2 ni, No. 128,
0.10g. and Diphenyl selenide,
No. 282P'B, 0.10g., 357.8 260 0c 48 5.9 95.0 70.5 M.D. 2.9 0.2 /ElAg,cu,S.s. ,Ti (50O01.)

(c6 HO)SeO

Diphenyl sOlenide, No. 28VOB 357.9 26000 48 7.5 60.0 43.8 N.D, 3.4 0.2 N/
0.10 g., Al,Ag;Cu,S.S.,Ti (50001)
0.2D g., A-,CAgu,S.B.,Ti 359.1 2600 C 48 8.9 63.3 48.3 N.D. 2.3 0.2 g/

(50001P)

24 hours with air at 26000 and 12 hours with 95% N2 - 5% 02 gas mixture at 31600.
260O° for 24 hours, rMise the temperature to 3160C for 12 hours, after 36 hours drop the temperature back to 260°C for
12 hours with 95% NA - 5% 02 gas mixture.

9/ Al 0.41 Ag 0.10 Cu 1.10 B.S. 0.08 Ti 0.14 g/ Al 0.28 Ag 0.24 Cu 0.96 s.S. 0.76 TL 0.30
Al 0.08 Ag 0.06 Cu 0.44 .S. 0.02 Ti-0.16 ,/ Al 0.02 Ag 0.16 Cu 0.2D S. 0.46 Ti o.10

j/ Al 0.18 Ag 0.12 Cu 0.28 Cr-Mo 0.34 Ti o.16
Al 0.56 Ag 0.38 Cu 0.94 B.S. 0.38 Ti 0.10

&Al 0.24 Ag 0.22 Cu 1.46 8.S. 0.48 Ti 0.36
SAl 0.22 Ag 0.36 Cu 0.62 S.S. 0.02 Ti 0.16

Al 0.2 Ag 0.28 Cu 1.0O s.S. 0.02 Ti 0.04
/Al 0.00 Ag 0.14 Cu 0.52 8.S. 0.00 Ti 0.08

k/Al 0.24 Ag 0.32 Cu 1.08 8.S. 0.94 Ti 0.50
1l 0.34 Ag 0.50 Cu 1.68 5.S. 0.78 Ti 0.00

/Al 0.34 Ag 0.72 Cu 4.80 8.S. 1.26 Ti 0.06
kAl 0.66 Ag 1.04 Cu 2.08 8.S. 1.68 Ti 0.00
9Al 0.32 Ag 0.00 Cu 6.38 .S. 1.80 Ti 0.18
•/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of

1 Ar.
M.D. Met yet determined.
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Table 10. Oxidations in N-Octadecyl-tri-n-Octyl Silane, HLO 56-578 (Cont'd).

Additive, CCL No., Formula, IRun ITemp. 1 Tme'r Weight jKinematic Viscosits Chane( ,92 Neutralization IsO-octane
Concentration, Metals Present4 No. 

0
C Hours Lo~ss, 54.50CfI 10000 19C0 Number Insooluble,

tj(OF) % 10F (2a;2F) (383
0
F)%

2-Phenylbenzoselenazole, 0
No. 300B, 0.20g.,Ai,Ag, 359,2 260 C 48 7.8 61.9 46.7 N.D. 4.3 0.1 e/
Cu, S.S. ,TI ('500O1P)

O.lOg.,Al,Ag,Cu,Cr-MoTi 361.7 i/ 36 4.9 46.2 34.0 N.D. 3.8 0.2 d/

O.20g.,A1,Ag,Ou,S.S.,Ti 360.5 36 7.4 46.5 36.2 N.D. 4.3 0.1 eJ
0.4jOg.,Al,Ag,Cu,S.S.,Ti 360.5 / 36 6.7 47.5 37.2 N.D. 6.3 0.2 Z/
0.40g.,Al, AgpCu,Cr-Mo,Ti 360.71 . 36 7.6 53.9 42.0 N.D. 4.4 0.3
0.lOg.,A1,AgCu,S.S.,Ti 364.7 b/ 48 10.4 65.3 52.0 N.D. 2.6 0.1 •/

0.20g.,A1,Ag,OCuS.S.,Ti 420.9 2600 48 5.0 33.2 31.0 21.7 5.1 0.3CX4 (5000)

Di- (2-hydroxy-l-naphthyl)
selenide, No. 307, 0.20g. 359.3 260 C 48 6.3 62.2 46.3 N.D. 2.6 0.1 /
ALI,Ag,Ou,S.S. ,Ti (5000F)

Se

"0 "ZZ H 
~

1,4, 2-Benzoselenazin-3-one, 0
No. 308, 0.20g., A1,Ag,Cu, 359.4 260 0 48 6.0 53.5 40.8 N.D. 2.4 0.3 4/
S.S.,Ti (500°y)

&2 24 Hours with air at 26000 and 12 hours more with 95% Na - 5% 02 at 3160c.
2600C for 24 hours, raise the temperature to 31600 for 12 hours, after 36 hours drop the temperature back to 2600C
for 12 hours with 95% N2 - 5% O gas mixture.

Metal Effect, Weight Loss, mg/amX
c/Al 0.14 Ag 0.20 Cu 0.34 S.S. 0.16 Ti 0.OD &/ Al 0.56 Ag 0.52 Cu 1.50 S.S. 0.64 Ti 0.10
W/Al 0.54 Ag 0.28 Cu 0.52 Cr-Mo 0.50 Ti 0.24
j/ Al 0.34 Ag 0.42 Cu 0.48 S.S. 0.42 Ti 0.20
L/Al 0.54 Ag 0.60 Cu 0.58 S.S. 0.64 Ti 0.12
j/ Al 0.60 Ag 0.56 Cu 1.00 Cr-MO 7.12 Ti 0.18
h Al 0.48 AG 0.40 Cu 1.54 S.S. 0.42 Ti 0.12
LI.Al 0.04 Ag-0.66 Cu 9.92 S.S. 0.98 Ti 0.22
j/ Al 0.10 AS 1.56 Cu 9.14 S.S. 1.10 Ti 0.08
1/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of

1 l/hr.
N.D. Not yet determined.
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TABLE U.
Oxidations in Diphenyl Di-n-dodecyl Silane, MLO 56-280

Additive, CCL NO., Formula, Run , Temp. ITime, ,Weight ,Kinematic Viscosity Chanve. %. Neutralization I so-octane
Concentration, Metals Present No. 0C Hours Loss, I 54.5°C"I 100

0
C 1 1950 I Insoluble,

%(o) o % I(130PF) (2121F) 1(383-F) INumber

None, Al, AgCu,S.S.,Ti iJ 356.1 26000 24 10.5 107.0 85.5 N.D. 3.4 0.. /
N(50O0)

Nneo, Al,Ag,Cu,S.S.,Ti V 356.2 26000 48 15.1 865.0 528.0 N.D. 4.0 0.3 2/
(50o00)

None, No Metals 2/ 352.1 316 0 12 7.7 25.7 24.6 N.D. 2.7 0.1
(6000,

None, No Metals 353.9 31600 12 8.3 23.2 22.4 N.D. 1.5 0.1
(60CPF)

None, No Metals •/ 352.2 316
0

C 24 18.0 96.0 88.4 N.D. 3.0 0.1
(6000F)

None, 1 Al Square / 354.1 31600 12 8.3 37.0 31.0 N.D. 1.7 0.1 g/
(0OPF)

None, 2 Al Squares / 354.2 3160 12 9.7 46.0 38.0 N.D. 2.4 0.1 L/

None AliAgi~tSSTi6000?)
None, Al, Ag,O,S.S.,Ti 2/ 352.3 3160 12 8.1 3.1 7.8 N.D. 1.9 0.1 •/

None AlgCS.STi(6000?)
None, AW,Ag,Cu,S.S.,Ti / 353.10 31600 12 6.7 -4.2 0.8 N.D. 1.3 0.1 •/

(6000F)
None, AI,Ag,Cu,S.S.,Ti 21 352.4 3160C 24 11.4 13.0 16.7 N D. 1.1 0.2 g/

(6000F)

Phenyl-1loha-naphthylaxine,
No. 61, 0.12 g., AlAg,Cu, 352.7 316:0 12 6.4 2.6 6.3 N.D. 1.4 0.1 h/
5.8., Ti 6/ ( F)r
0.12 g., Al,Ag,CU,S.S.,Ti 2/ 352.8 3160C 24 10.8 13.6 17.1 N.D. 1.4 0.2 V

(60OPF)

N, N '-Di- 2-naphthyl-R:-
phanylenediamine, NO. 260 356.5 26000 48 18.4 N.M. 2.3 99.3 a/
0.10g., AlAg,Cu,S.S.,Ti I/ (5000F)

Acridine, No. 82 (recryst.) 356.4 26000 48 16.6 N.M 1.1 90.8 2/
0.08 g., Al,Ag,Cu,S.S.,Ti l (50CXF)
0.12 g., AI,Ag,Cu,S.S.,Ti 2/ 352.5 3169C 12 7.5 9.2 12.1 N.D. 1.4 0.1

(60&F?)
0.12 g., AI,Ag,Cu,S.S.,Ti 1/ 354.3 31600 12 12.9 61.0 57.0 N.D. 1.6 0.2 a/

(6oo0,)
0.12 g.,A1,Ag,Cu,S.S.,Ti V 354.5 3160C 12 16.5 96.9 93.0 N.D. 1.5 0.1 2/

(6000?)
0.12 g., Al,Ag,Cu,S.S.,Ti2/ 352.6 31600 24 12.7 39.4 36.7 N.D. 1.7 0.2 2/

(600o0)
0.12 g., Al,Ag,Cu,S.S.,T V/ 354.4 31600 24 21.0 330.0 325.0 N.D. 1.5 0.2 2/

(600°F)
0.12g., Al,Ag,Cu,S.S.,Ti 1/ 354.6 3160C 24 25.9 N.M. 462.0 N.D. 1.3 0.2 2/

N (6000?)

N
V Gas Flow 1/hr - Air

Gas Flow 1/hr-95% N, - 5% 0,
Metal Effect, Weight Loss, mg/cm

2

m/ Al 0.16 Ag 0.28 Cu 1.00 S.S. 0.16 Ti 0.02
b Al 0.30 Ag 0.18 Cu 0.96 S.S. 0.24 Ti 0.04

/Al 0.16
Al 0.18 Al 0.36

SAl 19.2 Ag 0.00 Cu 0.22 S.S. 0.08 Ti 0.04
SAl 15.1 Ag 0.12 Cu 0.20 S.S. 0.O Ti 0.14
g/ Al 25.9 Ag 0.12 Ou 0.14 S.S. 0.18 Ti 0.00

Al 19.4 Ag 0.22 Cu 0.30 S.S. 0.04 Ti 0.08SAl 25.2 Ag 0.10 Cu 0.52 S.S.-0.06 Ti 0.00
Al 0.10 Ag 1.22 Cu 1.64 S.S. 0.20 Ti-0.04

/Al 0.16 Ag 1.16 Cu 3.04 S.S. 0.30 Ti 0.06
Al 19.1 Ag O.OD Cu 0.36 S.S. 0.12 Ti 0.10

/Al 1.70 Ag 0.56 Cu 1.04 S.S. 0.48 Ti 0.08
SAl 0.18 Ag 0.32 Cu 0.82 S.S. 0.38 Ti 0.04
o0 Al 18.1 Ag 0.04 Cu 0.62 S.S. 0.22 Ti 0.10
2/ Al 0.28 Ag 0.34 Cu 1.24 S.S. 0.56 Ti 0.04

/Al 0.24 Ag 1.08 Cu 3.58 S.S. 0.82 Ti 0.14
N.D. Not yet determined.
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Table U. Oxidations in Diphenyl Di-n-dodeoyl Silane, MW. 56-280 (Cont'd)

Additive, COL No., Forua Ru ep Time; Weight 1KInematic Viscositv Cheae AC Neutralization IISO-octane
Concentration, MetaS PPr~esen.t. INo. I C I HourB ~s 54. 5~ 0 0  950  Numbher Insoluble,I I(OF') % %~I1oF aF 33F

4-Mrdroxr-3p 5-diw-t.-butyl
bensoyl dinethylaelne, No. 371 356.3 2WC 48 12.7 N.M. 1.9 0.5 a/0.12 g., Al,Ag,Gu,S.S.,Ti I/ (S5OFF)

0.12g. A1,AgCu,S.S.,Ti 2/ 352.9 31600 12 8.0 12.1 14.0 M.D., 1.5 0.1 W
(60&'w)

0.14. Al,Ag,Cu,S.8.,Ti &/ 352.10 3160C 24 10.1 11.4 15.5 M.D. 1.4 0.1 g/
(6000r)

ON

2,2'-Dipyridylami1ne, No. 128
0.10g., AlAg,CuS.S.,Ti 1/ 357.5 2600C 48 11.4 164.0 131.5 M.D. 1.6 7.4 /(5oo0,)

2,2'-Diphenylazlne, No. 128
0.10g. and Diphenylselenide, 357.6 2600C 48 8.2 76.0 61.0 M.D. 1.4 4.9 2/
NO. 282PCB, 0.10g. (5000F)
Ah,Ag,Cu,S.S.,Ti i/

HS N)z Se.

~/Gas PFlow 1AUt.-hfr
Gas Flow Ar-95% M - 5% 0O
Metal Effect, Weight Loss, m&/am'

A Al 1.34 Ag 0.84 Ca 1.66 S.S. 0.28 Ti 0.04
Al 17.3 Ag 0.10 Cu 51.9 S.S. 0.06 T-i-0.14

j/ Al 1.34 Ag 0.84 Cu 1.66 S.S. 0.28 Ti 0.04
Al 0.• 0 Ag 1.52 Cu 5.60 S.S. 2.52 Ti 0.64
A/ Al0.36 Ag 1.88 Cu 7.03 S.S. 3.24 Ti 0.78

TAKIE 12

Oxidations in Silicone MID 9840,• F258 Gas Flow: 1/1 Hr. Air

Acridine, No. 82
recryst. 1/ 0.12g., 354.7 316 C 12 1.5 1.8 0.5 M.D. 1.6 0.1 L/
A1,Ag,Cu,S.S.,Ti (6o0oP)

reoryst. 0.12 g. 354.8 3160C 24 3.2 9.8 6.8 M.D. 1.0 0.1 b/
Al,Ag,Cu, S.S.,Ti (6OO0,)

residue, 0.12 g. 354.9 3160c 12 3.1 25.8 23.0 N.D. 0.8 0.1 g/
Al,AgvCuS.S.,Ti (600°F)

residue, 0.12 g. 354.10 3160C 24 5.9 127.0 115.5 M.D. 1.1 0.02 g/
Al, Ag,Cu,S.S.,Ti (6o0oP)CQ'.

./ The oommeroial sample was purified by recrystallization from alcohol. The first crop of crystals which appeared of
good purity is labelled "recryst." The residue after removal of another crop of crystals and evaporation of solvent
was labelled "residue".

Metal Zffhct, Weight Loss, mg/eua
iAl 0.08 Ag 0.24 Cu 0.46 S.S. 0.12 Ti 0.14

V Al 0.04 Af 0.14 Cu 0.78 S.S. 0.10 Ti 0.00
WIAl 0.00 Ag 0.46 Cu 0.64 S.S 0.00 Ti 0.04

1 Al-0.04 Ag 0.22 Cu 0.48 S.S. 0.00 Ti 0.06
N.D. Not yet determined.
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TAELE 13
oxidations in a Pentaerythritol Ester, MLO 55-584 Sample 25 mal.,Air Flow 1 1/Hr.

Additive, CCL No., Formula, I un ITem.p. I TrZe, Weight I Kinematic Viscosity Chanee. -" Neutralization Iso-octane
Concentration, Metals Present No. 0 Hours Loss, 54.5

0
C' 10 0 0C 1 1950C I Number Insoluble,

and Weight Loss, 4g/-m (oF) % (130PF) (atF) (3830 F) Numb,,

S-Methy2phanothiazinae, No.5, 0/
o.27g.A1 Ag On S.S. Ti 362.1 24 0 60 3.9 23.1 17.6 N.D. 3.2 2.2

0.00 .30 1.08 .12 .02 (4oo')

5 O.27g.Al Ag Ou S.S. Ti 365.10 204e 60 2.5 19.6 14.5 N.D. 3.7 1.3
0.36 .46 .76 .12 .18 (400p)

5 0.27g.Al Ag Ou Cr,4o Ti 362.2 204 60 3.9 21.5 15.0 N.D. 3.1 1.3
0.28 .2D .74 .12 .10 (40&)

5,0.27g.Al Ag Cu Cr-MO Ti 363.8 We
0  60 2.6 17.7 12.0 N.D. 3.1 2.0

0.32 .46 .82 .96 .24 (400&)

N-Methylphenothiazine,No.5,
0.27g. and Vanadyl 2-ethyl 362,7 2149 60 5.5 14.9 10.2 N.D. 37.7 3.8
heate, No. 379, 0.02g. (400P)

Al Ag On S.S. Ti
0.14 .32 3.66 .14 .06

N-Methylphenothiazine,No. 5 0
0.27g. and Stanneus naphthenate, 362.6 04 60 5.3 21.6 15.5 N.D. 4.4 2.0
No. 373,0.02g. (4o00)

Al Ag Ou 8.S. Ti
0.14 .24 .88 .18 .10

N-Methylphenothiazine, No.5,
0.27g. and Ferrescene,Ne. 374, 362.8 W4e 60 5.2 29.6 23.3 N.D. 14.9 4.2
0.02g. Ai Ag Cu S.S. Ti (4000)

0.00 .32 .98 .2D .08

5 0.15g. and 374 0.05g. 365.9 204e 60 3.7 18.8 12.4 N.D. 8.7 1.8
Al Ag Cu s.s. ,Ti (406P)

0,42 .48 1.1 .21 .22

Diphenylamine, No. 52, 0.22g. 413.9 204e 60 4.8 28.6 19.4 N.D. 4.1 0.9
Al Ag Cu S.S. Ti (400)

0.02 -. 04 .40 -. 12 v.04
.00 .08 .04 .02 .00

52 0.22g.Al Ag Cu S.S. Ti 414.9 2600 48 7.1 N.M. N.M. N.D. 7.1 N.F.
0.14 .04 .96 .22 .04 (66)

.02 .02 .06 .00 .00

L>-Aminodiphenylaine, No. 360,
0.25g.A1 Ag Cu S.S. Ti 362.4 204° 60 6.5 n1.9 7.9 N.D. 3.3 2.5

0.26 .44 .38 .10 .22 (4000)

360 0.25g.Al Ag Cu S.S. Ti 374.10 20e4 60 2.2 10.4 7.5 N.D. 2.2 1.2
.0o .66 .38 .O .2D (400)

360 0.24g.Al Ag Cu S.S. Ti 413.8 2040 60 6.1 9.9 6.2 N.D. 1.5 1.1
-0.26 -16-.14-.22 -. 16 (400&)

.26 .18 .24 .04 .04

360 0.25g.Al Ag Cu S.S. Ti 375.10 2320 48 5.5 18.0 12.3 N.D. 14.9 2.8
0.26 .80 .82 .46 .24 (4500)

360 0.25g.Al Ag Cu S.S. Ti 381.8 2600. 24 5.8 15.2 10.0 N.D. 29.5 2.8
0.32 .62 .58 .18 .04 (500P)

360 0.25g.Al Ag Cu 6.S. Ti 379.10 260: 36 8.9 37.3 28.9 N.D. 25.2 2.9
0.02 .32 .50 .02 -. 12 (500)

360 0.25g.Al Ag Cu S.S. Ti 380.6 2600 36 5.7 38.2 21.7 N.D. 22.0 3.0
0.32 .62 .58 .18 .04 (5000)

N.D. Not Determined.
N.F. Not Filterable.
IV At 500 F the phenothiazine type of additives in 1% concentration did not significantly retard the oxidation. In a

48 hour run the blank values for change in kinematic viscosity were over 200% and the neutrilization numbers were
above 25.
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Table 13. Oxidations in a Pentaerythritol Ester, MW 55-584 (Cont'd)

Sampe 25ml.Air Plow 1 2A/ir.
Additive, CCL No., Formula, Run Temp. Time, Weight [Kinematic Viscosity 1hane, • Neutralization Iso-octaneConcentration, Metals Present =No. °C0 ILos, 

l15
I(OF) ( ous ~ s o 5.5C) (O0lC') (395°C I Nmer Insoluble,

'.-AK• ldIphezyWlmInse,No• 
360,0.25g. Al Ag Cu 8.S. Ti 381.9 260 0

C 36 5.7 22.6 16.7 N.D. 21.8 3.6-0.06 .32 .72 .00 .08 (50&oF)
360 O.25g.A1 Ag Cu S.S. Ti 381.10 2600 48 5.1 15.8 10.7 N.D. 32.3 3.30.26 .38 .48 .12 -. 26 (5000)
360 0.24g.Al Ag Gu 8.8. Ti 414.8 2600 48 6.7 25.2 17.2 N.D. 21.9 1.1-0.22-.26 -. 10-.16 -. 40 (5000)

.02 .00 .14 .00 .00

IsopropoxydiphanylomineNo. 390, 374.9 2040 60 1.9 18.5 12.6 N.D. 5.6 0.90.25g. Al Ag Cu S.S. Ti (400)
0.14 .24 .70 .06 .06

390 0.25g.Al Ag Ou 8.8. Ti 375.9 2320 48 6.8 29.1 18.5 N.D. 23.6 2.90.00 .24 1.12 .20 .18 (4500)
380 0.25g.Al Ag Cu 8.S. Ti 379.9 2600 36 7.1 93.0 69.4 N.D. 32.8 5.90.10 .18 1.50 .10 .06 (5000)

2,2'-DIpyridylami-e, No. 128,0. 2 2
g.AlhE Cu 8.S. Ti 413.10 204 60 3.7 6.3 4.5 .oD. 1.0 0.2-0.14.02 .86 .02 .04 (4060)

.06.30 .12 .02 .02
128 0.25g. No Metals 367.5 2600• 48 7.8. N.M. N.M. N.D. 34.4 0.7
128 0.25g. A1 Ag Ti 367.8 260 48 7.9 69.8 56.7 N.D. 28.2 0.80.04 .06 -. 12 (500P)
128 0.25g. Al Cu Ti 367.7 260: 48 6.7 33.7 25.9 N.D. 28.1 10.90.00 p.38 -. 04 (5oo°)
128 0.25g.Al Ag Ou 8.S. Ti 367.6 2600 48 8.1 8.4 4.8 M.D. 24.0 1.70.00 .08 .10 .64 -. 22 (5000)
128 0.22g.Al Ag Cu 8.8. Ti 414.10 2600 48 7.4 7.8 4.3 N.D. 7.4 0.3-0.04 .02 .86 .02 .04 (5000)

.10 .16 .22 .16 .00

N,N'-Diphezyl-L-phenylene-diaimne, No. 186, 0.34g. 422.5 2040 60 6.0 16.3 1.0 N.D. 2.0 1.3Al Ag Cu 8.S. Ti (4000)
-0.34-.38-.14 -. 04 -. 04

.24 .36 .24 .22 .32
HNCHH

•-Aminodiphenyl, No. 367, 374.2 204o 60 0.5 18.4 10.7 N.D. 23.5 1.70.25g. Al Ag Cu 8.S. Ti (4000)
0.16 .50 2.98 .10 .08

36
7,0.25g.Al Ag Cu 5.S. Ti 375.2 2320 48 6.9 35.8 20.3 N.D. 28.7 4.10.06 .14 2.10 .24 -. 02 (450

o)
367 0.25g.Al Ag Cu 8.S. Ti 379.2 2600 36 8.7 156.3 108.2 N.D. 24.1 8.60.20 .32 1.60 .00 .04 (5000)

Di- 2-naphthylamase,No.383, 
00.25g. Al Ag Ou 8.S. Ti 374.3 204 60 1.1 21.4 14.9 N.D. 12.7 1.90.24 .30 1.24 .36 .14 (4000)

383 0.30g.Al Ag Ou 8.S. Ti 365.7 2040 60 3.3 25.6 17.0 N.D. 7.4 2.40.16 .38 .82 .02 .24 (4000)
383 0.30g.AI Ag Cu Cr-Me Ti 365.8 2040 60 2.5 24.8 16.5 N.D. 5.4 2.30.20 .50.76 .08 .28 (40&0)

N.D. Not Determined.
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Table 13. Oxidations in a Pentaerythritol Ester, MLO 55-584 (Cent'd)

Sa&ple 25 al., Air Flow 1 l/Hr.

Additive, CCL No, Formula, I Run I T e, Weight TKinematic Viscosi hng eutrizatOn Iso-octane
Concentration, Metals Present No. 0 0 Hours [oss, i (130F) (1 83C Number Insoluble,

(OF) %%I0OF) (212F) (383
0F%

Di-2-naphthylamine, No. 383,
0.25g.AI Ag Cu 8.8. Ti 375.3 232 48 6.0 25.0 14.7 N.D. 33.1 3.6

0.12 •3o 1.32 .10 .00 (45o)

383 0.25g.Al Ag Ou S.S. Ti 379.3 2600 36 9.1 75.4 59.8 N.D. 30.1 5.2

0.14 .42 1.78 .82 .06 (5000)

383 0.30g. No Metals 367.3 260o 48 5.8 49.5 35.3 N.D. 24.3 4.8

(5o00)
383 0.30g.Al Ag Cu 8.S. Ti 367.4 2600 48 7.4 27.8 19.3 N.D. 28.7 3.8

0.02 .14 1.32-.12-.20 (5000)

Age Rite StaliteNo. 389,

0.25g.Al Ag i u S .S. Ti 374,8 204: 60 0.9 24.4 14.9 N.D. 24.4 0.3

0.22 .34 2.74 .16 .12 (400)

389 0.25g.Al Ag Cu 8.S. Ti 375.8 232o 48 6.1 53.0 36.1 N.D. 30.3 3.0

0.28 .36 2.52 .06 .18 (4500)

389 0.25g.Al Ag Cu 8.S. Ti 379.8 60 36 7.3 50.4 33.5 N.D. 32.8 3.2

0.04 .14 1.76 .32 .00 (5000)

Age Rite H.P.,Ne. 388, 0.25g. 374.7 204D 60 0.6 14.1 8.9 N.D. 1.5 1.0

Al Ag Cu 8.S. Ti (4000)
0.20 .40 .50 .12 .10

388,0.25g.Al Ag Ou 8.S. Ti 375.8 23e 48 5.4 22.4 13.1 N.D. 21.2 3.3

0.42 .74 1.34 .06 .14 (4500)

388,0.25g.Al Ag Cu 8.S. Ti 379.7 2600 36 8.1 42.3 32.0 M.D. 32.9 4.4

0.18 .24 1.52 .18 .00 (50 &o)

388,0.25g.Ah Ag Cu 8.S. Ti 380.7 260: 36 3.7 33.5 24.0 N.D. 28.9 2.9

0.14 .44 .92 .04 .02 (5060)

Age Rite HiparNo. 387,0.25g. 0

Al Ag Cu S.S. Ti 374.6 204 60 0.0 16.1 11.5 N.D. 2.2 0.8

0.20 .30 .66 .26 .20 (4000)

387 0.25g.Al Ag Cu 8.S. Ti 375.6 2320 48 6.9 20.5 12.8 N.D. 12.8 2.9

0.00 .30 1.22 .30 .40 (450P)

387 0.25g.Al Ag Cu 8.S. Ti 379.6 2600 36 8.9 67.3 54.2 N.D. 25.5 4.9
0.02 .08 1.14 .10 .00 (500o)

Age Rite Resin-D,No. 385,0.25g.
Al Ag Cu 8.S. Ti 374.4 2040 60 1.5 17.2 11.3 M.D. 6.9 1.8

0.24 .5o 1.22 .26 .26 (4e00)

385 0.25g.A1 Ag Cu 8.S. Ti 375.4 2320 48 5.0 25.4 15.4 N.D. 31.9 2.8

0.14 .22 .48 .18 .18 (450°)

385 0.25g.Al Ag Cu 8.S. Ti 379.4/ 2600 36 8.3 29.6 15.4 N.D-. 32.2 3.4

0.10 .50 .54 .18 -. 06 (500e)

Age Rite Resin, No. 386,0.25g. 0
Al Ag Cu 8.S. Ti 374.5 204 60 2.2 69.0 48.7 N.D. 26.4 6.0

0.14 .42 1.82 .34 .16 (4000)

386 0.25g.Al Ag Cu S.S. Ti 375.5 2320 48 5.4 67.5 49.8 N.D. 25.9 6.5

0.12 .36 .74 .02 .18 (4500)

386 0.25g.A1 Ag Cu S.S. Ti 379.5 2600 36 10.0 221.5 159.0 N.D. 25.0 9.7

o.10 .20 .6o .12 .02 (5000)

N.D. Not Determined.
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Table 13. Oxidations in a Pentaerythritol Ester, MWO 55-.584 (Cont'd)
Saw le 25 sa. Air Flow: 1 3./Er.

Cncentration, Metals Present NO. 0C L1. 45Cv 10 0  
9 0  

ubr Islbe(or) soous-Oct)(aF) (83F

L%-Aniaeethy~forpholiae,No~ll7,
0.10g. and I&Aliflbdiphenylauine,No. 360, 0.12g. 391.9 204 0 60 5.9 22.2 16.2 N.D. 5.1 N.F.Al Ag Cu 8.8. Ti

0.16 .58 .26 .12 .00(0)

N-AfRIAoethylaorpholine,Ne. 1.17,0.10g. end 2 ,2'-dipyriciylemine, 391.10 2040 60 4.6 7.2 4.8 N.D,. 1.5 0.4No. 1,28, 0.3.1g. (4060)
Al Ag Cu 8.S. Ti

0.10 .34 .28 .04 .0s

NoN'-DIphentyl-gphanylae..
diaaine, No. 186, 0.1.7g. and4#40-biathiepic1±bamicdo 422.7, 200w 60 7.1 14.8 9.7 N.D. 4.1 1.2dlphenyl, No. 401, O.03g. (0P

Al Ag Cu 8.8. Ti
-0.10 -*04ý.-.1.06 -. 3-4

186 0.17g. and 4,01, 0.03g.
Al Ag Cu 8.8. Ti 422.8 2040 60 6.1 11. 7.7 N.D. 3.0 0.8
.26 .34 .30 .08 .08

Vanadyl-2-ethyl hexoate,No. 379, 0.25g. 362.3 2040 60 3.5 36.7 25.7 N.D. 72.9 6.5Al Ag Cu 8.S. Ti (4060)
0.24 .20 1.48 .64 o02

4#4'-Methyleue..bie..2,6..
ditertiary butyl phenol, 367.9 260 48 7.5 71.3 52.4 N.D. 28.3 3.1.2No. 370, 0.30g. (50e0)

&I Ag Cu 8.S. TI
0.00 .10 1.52-.34 -. 20

C (CHA C),ql

(CW, i C

1,4, 2-Benzoselenazin..3..one,No. 308, 0.30g. 367.10 260* 48 5.4 57.3 .42.6 N.D. 28.6 1.1.8Al Ag Cu S.S. Ti (5000)-0.14 2.92 11.7 .66 . 00

2,4-Die- (phenyl ker~capto)0toluene, No. 372, 0.25g. 362.5 204 60 4.7 59.5 39.9 N.D. 22.1 3.2Al Ag Cu 5.S. Ti (00
0.22 .46 4.42 .18 .04

C H,

N.D. Not Determined.
N.F. Not Filterable.
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TABLE 14
Oxidatiens in Bis-(2-ethylhewyl) Sebacats

25 ml Samle Air Flow IL/Hr.

Additive, CCL No., Concentration, Run Time, Toerature. Weight Kinematic Viscosity Neutralization Insoluble Peroentme'
Metals Present and Weight Loss, No. Hours C Loss, Change,%,0  No. Isooctane Isooctane

a•/cm)a %(O.) _ 54,5°C 100-C Wash Precipitate

N-Metbr'phenothiasun, No. 5, 393.2 60 2040 1.6 5.4 3.9 4.2 1.1 1.5
0. 26. so Metals

5, o.27g. 363.1 60 2040 2.8 10.6 6.6 13.0 N.D. 2.7
Al Ag Cu B.S. Ti (4060)

0.44 .48 1.70 .24 .02

5, 0.27g. 363.2 60 2040 4.7 12.7 7.0 14.3 N.D. 2.6
A. Ag Cu Cr-Ho. Ti (4000)

0.26 .44 1.48 .82 .28

N-Methylphenothiazine, No.5,
0.20g., and Vanadyl-2-ethyl 0
hewsate, No. 379, 0.07g. 363.6 60 204o 7.0 82.0 62.8 32.2 N.D. 7.7

Al Ag Cu Cr-No Ti (400)
0.48 .34 2.06 1.94 .2

5, 0.15 g. and Ferroscene, 0
No. 373, 0.07g. 365.5 60 204 3.4 16.9 10.0 24.1 N.D. 1.3

Al Ag Cu S.S. Ti (4060)
0.00 .02 1.14 .08 .10

5, 0.20g., 373, 0.07g. 363.7 60 204 2.9 10.0 5.6 10.4 N.D. 2.7
Al Ag Cu Cr-Mo Ti (40o0)
0.30 .40 1.64 .32 .28

Diphenylasdne, No. 52, 0.22g. 419.6 60 204 2.7 33.5 7.? 15.0 0.02 1.7
No Metals (46o)

52, 0.22g. 413.4 60 2040 4.9 18.9 12.4 14.6 1.1 1.8
Al Ag Cu S.S. Ti (4000)

-0.18 -. 30 .20 .14 -. 12
.26 .38 .42 .20 .220

52, 0.44g. 419.4 60 204ý 4.8 20.4 13.8 *8.2 1.5 3.4
Al Ag Cu S.S. Ti (400)

-0.02 .10 .40 .12 .00
.16 .28 .40 .14 .16

52, 0.22g. 414.4 48 2600 8.0 790.0 432.0 14.7 14.0 4.2
Al Ag Cu 8.S. Ti (500P)

0.08 .00 .68 .16
02 .02 .00 .00 M00

52, 0.44g. 416.9 48 2600 6.7 33.4 25.3 16.3 N1. N.8
Al Ag Cu s.S. Ti (5000)

0.32 0.22 1.24 0.22 0.04
.04 .02 .06 .06 .04 417.2 1/60 2040 5.6 23.4 14.7 15.0 1.8 2.5
Al Ag Cu S.S. Ti (4000)

0.32 .14 .58 .28 .16
.10 .04 .08 .02 .02

52Aminod, henylamine, No. 360 389.7 60 204 2.5 16.3 10.7 14.1 1.3 1.0
0.24g., Al Ag Cu S.S. Ti (4000)

0.20 .28 .26 .04 .02

360 0.241.,Al Ag C u S.S. Ti 391.5 60 2040 6.8 19.5 13.3 14.4 0.8 1.1
0.16 .50 .22 06 .12 (4000)

360 0.24g.,Al Ag Cu 5.S. Ti 413.3 60 2040 5. 1 16.1 10.5 10.5 0.5 1.0
-0.20 .04 o4-.o6 -.10 (40)

.22 .20 .14 .14 .08
360 0.25g.,Al Ag Cu 8.S. Ti 362.10 60 204 1.8 9.6 5.8 11.9 N.D. 2.1

0.34 .40 .46 .24 .08 (4000)

360

360 0.25g.,Al Ag Cu S.S. Ti 363.3 60 204 4.4 u.6 7.6 9.5 N.D. 2.1
0.32 .56 .28 .24 .20 (4000)

N.D. Not Determined.
N.F. Not Filterable.
•/ Check Run on 4.13.4 to show metal effects.
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Table 14. Oxidations in Bis-(2-ethylhexyl) Sebacate (Cont'd)

25 mi SamNle M low 1 L/fr.
dditive, CCL No., Concentration, Run Time, Temperature Weight Kinematic Viscosity Neutralization Insoluble PercentageMetals Present and Weight Loss, No. Hours oc Loss, Change. %, No. Isooctane Isooctane

(OF) % 54.50
C 100°C Wash Precinitate

p-Aminodlphenylemine, No. 360,0.25g.Al 29 Cu Cr-Mo Ti 363.4 60 204 2.7 12.7 9.1 11.5 N.D. 2.20.30 .50 .46 .30 .26 (4000)
360,0.25g.Al Ag Cu 5.S. Ti 373.10 48 232* 2.1 10.9 6.1 21.6 N.D.0.10 .24 .50 .26 .00 (450o0
36

0,0.24g.Al Ag Ou 8.S. Ti 390.7 24 2600 3.1 10.1 5.9 18.6 2.5 1.70.30 .52 .52 .24 .16 (5000)
36

0,0.25g.Al Ag Cu 8.8. Ti 381.5 36 260° 4.0 9.0 5.5 16.3 N.D. 3.30.16 1.12 .80 .58 .30 (5000)
360 0.25g.Al Ag Cu 8.S. Ti 381.6 48 2600 5.0 12.1 7.4 16.4 N.D. 4.10.28 .94 1.08 1.02 .08 (5000)
360 0.25g.Al Ag Cu 8.S. Ti 414.3 48 2600 6.0 16.4 9.7 15.5 3.8 0.9

-0.06 .10 .56 .52 -. 18 (0P
.22 .28 .20 .18 .16

k-Eitrodiphenylazine, so.87, 394.1 60 2040 2.2 23.7 15.6 21.9 0.2 2.00.25g. No Metals (4000)
8
7,0.25g. Al Ag On 8.S. Ti 415.10 60 2040 5.4 14.3 9.4 15.3 0.1 1.1-0.26 .02 .22 -. 12 -. 08 (4oo)

.40 .38 .52 .18 .1487,0.25g. Al Ag Cu B.S. Ti 417.1 60 2040 5.4 15.8 10.4 19.3 0.2 1.0-0.16 .12 .32 .16 .08 (4o0o)

.10 .06 .14 .04 .oo8
7,0.50g. Al Ag Ou S.S. Ti 419.3 60 2040 8.7 18.8 11.1 16.7 0.4 1.3-0. 28-.32-.02 -. 20 -. 10 (40o)

.36 .36 .40 .30 .248
7,0.25g. Al Ag Cu 8.8. Ti 416.10 48 2600 6.9 24.0 18.5 18.3 N.F. N.F.0.16." 1.. -. 32 6 (5 )

.08 . 0 .10

k-Isopropo•dip henylamine,No. 390, 0.25g. 372.9 60 204 6.2 17.2 11.7 20.9 N.D. 2.0Al Ag Cu 8.S. Ti (400)
0.42 .44 .80 .24 .18
390,0.25g.Al Ag Ou 3.8. Ti 373.9 48 2320 2.4 23.3 17.6 18.9 N.D. 3.50.00 .32 2.08 .30 .00 (450e)
390,0.25g.Al Ag Cu 3.S. Ti 378.9 36 260 2.6 81.5 66.2 20.9 N.D. 8.20.14 .08 .94 .02 .00 (5000)

Lza'-Dioctyldiphenylamine,No.22, 415.8 60 2040 4.7 31.5 32.7 8.5 0.04 5.70.49g.A1 Ag Cu 8.S. Ti (400v)
o.1o .16 2.24 .02 .14
.04 .o0 .04 .04 .0222,0.49g.Al A . u S.S. Ti 416.8 48 260° 6.3 54.5 39.8 15.4 0.06 9.50.4 2.92 .64 .10 (5000)

.02 .08 .06 .02 .042,l.Og Al Ag Cu B.S. Ti 417.3 48 260 4.8 43.5 18.4 7.7 0.05 0.6;.64 .48 .14 .18 .42 (5000)
314 .04 .26 .18 .04

N.D. Not Determined.
N.F. Not Filterable.
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Table 14. Olidat%•om in Bis-(2-ethylhexyl) Sebacate (Cont'd)

25 ml Samle Air Flow 1 L/Ar.
Additive, CCL No.,Concentration Run Time, Temperature Weight Kinematic Viscosity Neutralization Insoluble Percentage
Metals Present and Weight Loss, No. Hours oC Loss, Change, %, No. Iscetane Isooctane

M2(o F) 4 5 oC 10OoPC Wash precipitate

N-Methylphenylamine, No. 85, 394.3 60 2040 2.5 23.7 15.4 16.0 0.10 5.4
S0.23g., No Metals (40O0)

89,O.24g.Al Ag Cu S.S. Ti 415.6 60 204! 4.8 21.6 13.3 17.5 0.2 2.5
0.16 .14-.04-.24-.16 (400)

.22 .26 .38 .22 .18 0
89,0.249.A1 Ag Cu S.S. Ti 416.6 48 260 7.4 121.5 98.5 17.0 0.3 9.4

-0.16 .14 .88 .34 .12 (5000)
.02 .10 .06 .00 .04

Triphenylamine, No. 88, 0.31g. 394.2 60 2040 4.8 62.2 39.6 22.5 0.1 4.0
No metals (4000)

88,o.319. Al Ag Cu s.s. Ti 415.7 60 2040 4.3 58.7 44.1 12.0 0.1 0.3
0.06 .00 6.36 .04 .02 (4000)

.22 .26 .38 .22 .18
88,0.31g. Al Ag Cu S.S. Ti 416.7 48 2606 7.8 48.0 23.4 20.4 0.07 5.4

0.12 .02 .80 .22 .08
.02.00 .02 .02 .00

(06H.)3N

Phenyl-nha-naphthylamine, 393.7 60 204D 1.1 27.9 17.7 18.8 0.3 2.5
No. 61, 0.28g., No Metals (400)

61,0.28g. Al Ag Ou S.S. Ti 415.4 60 204? 3.4 25.3 16.2 17.1 0.4 2.4
0.04 .02 .28 .00 .06 (40)
104 .16 .20 .06 .04

61,0.28g. Al Ag Cu S.S. Ti 416.4 48 260 6.3 24.9 18.7 14.8 0.3 14.4
0.20 .02 .72 .12 -. 06 (eO)

.18 .28 .16 .26 .26

N-PhanYl-2-naphtbylamine,No•140, 393.8 60 2040 2.0 31.5 19.1 20.2 0.4 2.8
0.29g., No Metals (400°)

140,0.28g.Al Ag Cu S.S. Ti 415.5 60 2040 3.6 22.4 15.5 19.1 0.2 1.7
-0.02 -. 10 .16-.io -. 10 (40&)

.12 .16 .32 .14 .10
14OO.28g.Al kg Cu S.S. Ti 417.7 60 204 3.5 20.8 15.8 11.9 0.2 1.6

0.04 .06 .10 -. 16 .00
.16 .06 .42 .18 .12

140,0.28g.,AIl Ag Cu S.S. Ti 416.5 48 2600 7.5 46.5 32.4 14.9 N.F. N.F.
0.04-.12 .86 .16 .02 (5000)

.26 .46 .26 .12 .20

2,2LDipyridylamineNo. 128,0.22g.389.9s 60 2040 4.1 24.7 16.2 18.9 0.09 0.9
No Metals (400P)

128,0.22g. No Metals 294.8s 60 2040 3.6 27.0 16.2 17.6 0.1 1.9
(400o)

128,0.22g. Cu washer 389.8s 60 204 2.8 5.6 2.7 17.0 2.6 0.3
0.88 (4000)

128,0.22g. No Metals 399.7s 60 204c 4.3 28.9 18.9 15.7 0.1 2.1
(40 )

128,0.22g. Cu Washer 401.5s 60 2040 2.7 8.7 5.8 17.2 0.4 0.02
0.00 (4000)

128,0.22g.Al Ag Cu S.S. Ti 413.5s 60 204 3.6 11.0 6.7 15.8 2.2 0.4
-0.58-.50-.32 -. 42 -. 44 (4000)

.60 .60 .50 .42 .34

N.F. Non Filterable.
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Table 3.4. Oxidations in Bis-(2-etLylhexyl) Sebacate (Cant'd)

25 ml Saq.e Air Flow I L/Ar.Additive, CCL No., Concentration, Run Time Tewerature Weight Kinematic Viscosity Neutralization insoluble PercentaeeMetals Present and Weight Loss, No. Hours Loss, Change, %'i C No. Isooctane*) % 54O50) 100CC Wash Precipitate
2,2'-Dipyridylamine, No. 128, 38 6

.5s 24 2600 3.7 17.7 11.8 15.7 0.06 4.6(Cont'd) 0.25g. No Metals (5000)
12 8

0.22,g.,No Metals 390.9s 24 2600 6.2 25.7 18.2 18.8 0.09 0.9
2600)128,0.25g., Cu Washer 38 6 .6s 24 2600 3.7 18.4 13.5 18.3 2.6 4.11 1.96 (5006)

128,0.224., Cu Washer 390.8s 24 2600 4.1 11.0 61 19.0 2.71.10 (5000) 0.7

128 ,O.25g.Al AR S.S. Ti 386-4s 24 260 0 3.4 65.2 57.6 19.8 0.5 4.3
0.52 .72 1.40 .28 (5000)

128,0.22g.Al A CU S.S. Ti 414.5 48 2600 6. 15.4 10.6 15.0 5.1 0.40.34 1.!4 3.70 1.7o .40 (5000)
.08 .04 .04 .12 .02
N N

N,N'-Diphenl- -phenyl ene-0diamine, No. 186, 0.33g. 407.5 60 204 C 1.2 12.3 8.8 9.4 0.2 0.9Recryst. E.K. Blue Label (40o0
C)

No Metals18 6 ,0.34g. No Metals 419.9 60 2040 1.7 12.1 2.7 5.9 0.4 1.5
(4O0°)186,0.34g.Al Ag Ou 8.S. Ti 422.2 60 2040 8.3 - 29.2 20.3 18.1 0.7 1.9-0.40-.32 .16 -. 12 -. 22 (400)

.22 .30 .36 .16 .22186,0.34g.Al Ag Cu 3.S. Ti 417.4 60 2040 5.5 9.4 8.5 5.1 0.1 2.00.12 .16 .38 .24 .10 (4000)
.18 .08 .16 .06 .0018 6 ,0.34g.A Ag Cu 8.S. Ti 422.1 60 2040 6.4 8.8 6.2 4.9 0.7 0.7-0.40-.24-.20 .00 -. 20 (4000)
.32 .22 .20 .00 .2618 6,0.34g.Al Ag Cu S.S. Ti 416.2 48 2600 7.3 19.5 14.1 14,;3 1.5 1.7-0.62-°.22-.06 .14 -. 24 (W00)
.84 1.02 1.02 .80 .54

HNi C' $
0-Aminodiphenyl,No. 36 7

,0.25g. 372.2 60 2040 4.0 14.1 8.5 19.2 N.D. 2.3Al Ag Cu 3.S. Ti (4000)
0.20 .28 1.42 .02 .04

36
7,0.25g.Al Ag Cu B.S. Ti 373.2 48 2320 3.0 24.4 17.8 17.5 N.D. 4.10.32 .64 2.66 .56 .34 (4500)

3
6
7,0.25g.Al Ag Cu B.S. Ti '378.2 36 260° 2.2 30.7 19.7 18.0 N.D. 6.30.22 .38 1.20 .34 .18 (5000)

Di-2-naphthylamine, No. 383, 415.3 60 2040 5.1 25.8 16.7 19.8 0.4 2.80.34g. AL Ag Cu B.S. Ti (4000)

38
3,0.34g.Al Ag Cu 8.S. Ti 416.3 48 2600 7.1 24.9 18.7 16.7 N.F. N.F.-0.36-.54 .10 -. 20 -. 48 (5000)

.62 .80 .74 .46 .60
H

Age Rite Stalite H, No. 389 372.8 60 2040 3.2 29.0 19.1 19.2 N.D. 2.10.25g. Al Ag Cu s.S. Ti (400o)
0.20 .34 4.42 .22 .20

389,0.25g. Al Ag Ou 5.S. Ti 373.8 48 2320 2.0 32.8 21.7 21.0 N.D. 1.6
0.16 .20 1.42 .36 .06 (450c)

389,0.25g.Al Ag Cu 5.S. Ti 378.8 36 260 3.1 30.0 18.8 21.3 N.D. 1.50.06 .24 .42 .22 .12 (5000)

N.D. Not Determined.

N.F. Not Filterable.
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Table 14. Oxidations in Bis-(2-et*tblhell) Sebaoate (Cont'd)

25 ml sle Air Flow 1 L/r.

RMitive, CCL IIe.,oonoentration, Run Time, Teerature Weight Kinmatic Visoosity neutrauiztion anoiuhi Paw.antaks

Metals Prevaet and Weight loss, No. Hours 0 Lsa, Change %, No. Isooctane Isoootane

-am/CUI (07 % 54. 50 C loop Wash Precipitate

Age Rite w.P.,No. 388, 0.25g. 372.7 60 204a0 2.5 12.9 7.9 16.0 N.D. 2.0

Al Ag On 5.S. Ti (4000p)
0.20 .38 1.10 .34 .20

,VS,0.25g.Al Ag Cu B.8. Ti 373.7 48 2320 2.8 13.4 8.7 16.7 5l.D. 3.3
0.04 .18 .72 .20 .06 (450&)

388,0.25g.Al Ag Cu 5.8. Ti 378.7 36 2600 1.6 21.4 14.1 15.8 N.D. 5.7

0.16 .18 .74 .26 1.0 (5000)

388,0.25g.Al Ag Cu 8.S. Ti 380.4 36 2600 4.8 23.4 17.6 18.3 N.D. 3.4

0.4036 1.32 .46 .20 (5000)

Age Rite Riper, No. 387, 0.25g. 372.6 60 2040 3.1 14.3 10.3 15.4 N.D. 1.8

Al Ag Cu 8.S. Ti (40e0)
0.08 .10 .42 .08 .00

387,O.25g.Al Ag Cu 5.S. Ti 373.6 48 23? 2.9 13.0 8.2 19.1 N.D. 3.2

0.16 ." .56 .24 .00 (45&0)

387,0.25g.Al Ag Ou 8.S. Ti 378.6 36 2600 2.8 22.4 15.6 17.2 N.D. 5.8

0.32 .3o 1o6 .42 .24 (5o°)

Age Rite Resin D., No. 385,
0.25g. Al Ag Cu 8.8. Ti 372.4 60 204o 4.2 20.2 20.3 20.4 N.D. 2.7

0.28 .38 .68 .02 .00 (400o)

385,0.25g.Al Ag Cu 8.S. Ti 373.4 48 2320 2.0 24.4 18.8 20.2 N.D. 3.5

0.36 .46 .54 .26 .10 (450o)

385,0.25g.Al Ag Ou 8.S. Ti 378.4 36 2600 2.6 17.9 13.5 19.4 N.D. 4.4

0.14 .30 .40 .34 .04 (5000)

Age Rite Resin, No. 386 372.5 60 2040 11.2 N.M. N.M. 22.4 N.D. 6.6

0.25g. Al Ag Cu A.S. Ti (4000)
0.30 .3o 1.76 .12 .00

386,0.25g.al Ag Cu 8.S. Ti 373.5 48 2320 2.1 56.5 42.5 21.7 N.D. 4.5

0.28 .32 .78 .16 .24 (400o)

386,0.25g.Al Ag Cu 8.S. Ti 378.ý 36 260° 2.1 34.1 21.2 18.1 N.D. 6.2
0.2D .34 .44 .28 .02 (5000)

N-Anineethyloorpholine,No. 117 389.4 60 2040 2.1 33.4 23.2 20.5 0.7 1.4

0.18g. No Metals (4000)

U7,0.18g.Al Ag Cu 8.S. Ti 389.5 60 2040 3.0 21.6 14.8 19.1 2.7 1.3

0.30 .42 .48 .1o .06 (40)

117,0.29g.Al Ag Cu 8.8. Ti 391.4 60 204! 3.6 20.7 14.7 19.7 1.9 1.1
0.10 .46 .40 .14 .10 (4 )

lI7,0.18g.No Metals 390.4 24 2600 3.0 22.0 15.9 18.0 0.3 3.6
(5000)

UI7,0.18g.Ai Ag Cu B.S. Ti 390.5 24 260° 3.5 16.3 10.9 19.7 N.F. N.F.

CH CH.(00)

N.D. Not Determined.
N.M. Too viscous for measurement.
N.F. Not Filterable.
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Table 14. Oxidations in Bio-(2-ethylhexyl) Ssbacate (Cont' d)
25 ml. S~mele Air Flow 1 L/Hr.Additive, CCL No., Ceneentration, Ru Tine, Te rature Weight Kinematic Viscosity Neutraliati e LMetals Pr6eset aad Weight Loss, o. ours C Loss, C_ l__ 2 54 a~e, %P 05No. Isooctame Iseocta•te

aca F) % 5-. 5°0  
100o0 Wash Precinita~te

N-Phenylaorpholine, No. 141, 395.1 60 2040 2.5 31.6 21.8 19.8 0.4 2.6

0.21g., No Metals (400o)
141,0.21g.Al Ag Cu 8.S. Ti 389.6 60 204e 4.2 28.8 19.1 24.5 1.8 1.90.20 .32 .88 .08 .12 (400o)
141,0.02.lA Ag Cu 5.S. Ti 390.6 24 2600 3.7 20.1 14.1 18.1 0.1 4.30.32 .32 .56 .28 .28 (500le)

Na 5ul-MN-Bariu. SuAlaateNeutral Salt In 50% Di-2-ethyl 408.5 60 2040 7.0 33.8 22.7 34.2 17.5 1.2heyl vebacate, No. 398, (400)
0.60g. No Metals
398,0. 6

0g. Cu 408.6 60 2040 8.5 547.0 366.0 7.5 N.F. 6.8
(4000)

100% Cadmium diamylýdithbicabaaatemo. 399, 410.8 60 204o0 1.6 15.4 11.60.17 No Metals (4000)14.4 0.01 2.4
399,0.17g.Al Ag Cu 8.S. Ti 410.9 60 2040 5.0 10.7 7.4 15.9 0.00 2.00.22 .28 7.26 .16 .08 (4000)
399,0.49g. No Metals 410.7 60 204! 1.8 12.5 8.5 12.3 0.03 2.0S s (4000)

4,4'-biathbopicolijaaidq
dipheayl, No. 401, 0.27g. 417.8 60 204 3.1 14.8 9.4 11.9 0.2 1.4No Metals 

(400)
401,0.27g. Na Metals 419.1 60 204 4.0 18.3 12.6 1A2 0.6 1.5(460)
4 0

1,0.27g.,3 Cu Washers 419.2 60 204 5.1 20.9 14.4 20.2 0.61.12 0.06 1.04 (400o) 1.2
.18 1.06 .284l,O.27g. 3 Ag 417.9 60 204 5.3 18.8 12.1 13.6 0.2 1.22.50 2.72 4.02 (0.2)2.92 2.26 1.580

401,0.27g.Al Am Gu 5.S. Ti 415.2 60 204 5.3 32.8 21.4 23.6 0.5 2.1-0.16 7.18.50 .00 -. 32 (406P)
.16 1.18.08 .14 .34

Phenothiazine, No. 2
93,0.25g.aad Na Sul BN (Barium Sulfonate 410.10 60 204 3.9 18.2 12.1 16.4 0.6 3.4Neutral Salt 50% Dispersion) (4060)0.019. Al Ag Cu 3.S. Ti

0.02-.06 .04 .00 .04

Pheanothiazine, No. 2
93,O.125g. 410.3 60 204 0.6 4.3 4.9 4.6 0.6 1.5and Cadaium Diamyl Dithiocarbamate, ( )1000)(100%), No. 399,0.10g. No Metals

293 0.125g. and 399 0.05g. 410.5 60 2040 5.5 16.8 11.2 20.4 0.3 2.6Al Ag Cu 8.S. Ti (400o)
0.22 .12.1.96 .o4 .oo

293 0.25g. and 399 O.05g. 410.6 60 204 4.9 13.1 8.8 14.3 0.2 2.8Al Ag Cu 5.S. Ti (4000)
0.10 .08 1.32 .04 .08

Phe-othiazine, No. 2 9 3
,O.25g.and 4,4*-bisthiopicolinaadjo 423.4 60 2040 3.1 13.9 8.8 12.6 1.4 2.0diph-yl,pNo. 401, O.Og. (400)

Al Ag Ou 5.S. Ti
0.00 .04 .28-.08 -. 14
.10 .26 .36 .08 .04293 0.25g. and 401 0.05g. 417.6 60 204 3.2 17.2 15.8 18.6 1.7Al Ag Cu S.S. Ti (40) 1.9

0.06 .00 .34 .06 .02
.16 .10 .46 .08 .04
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Table 14. Oxidations in Bis-(2-ethylheXyl) Sebacate (Cont'd)

25 ml Sa•le Air Flow 1 L/Hr.

Additive, CCL No., Concentration, Run Time, Temperature Weight Kinematic Viscosity Neutrgligation Iaguluble Percentage

Metals Present and Weight Loss, NO. Hours °C Loss, Change,%, N. Iooctane Isooctane

a/car (OF) % 54.5
0

0C oW9Ah PreoimitatO

N,N'-Diphenyl 2-- phenylenediamine, 0
No. 186,0.17g. and 4,4'-bisthio- 423.2 60 24 3.8 24.5 16.4 22.1 1.9 2.1

picolinamide diphenyl, No. 401, (400c)
0.01g. Al Ag Cu S.S. Ti

0.14 .02.54.08 -. 14
.08 .26.52.10 .. 04

186 0.17g. and 401 0.03g. 422.4 60 204 6.1 14.9 9.7 12.5 0.2 0.8

Al Ag Cu S.S. Ti (4000)
0.36-0.24-.04-.20 -. 12

.24 .36 .24 .22 .32
186 7.17g. and 401 0.03g. 423.1 60 204 3.2 21.3 14.8 12.1 0.8 2.1

Al Ag Cu S.S. Ti (4000)
0.06-.08 .30 .06 -. 10

.02 .26 .42 .06 .00
186 0.34g. and 401 0.01g. 423.3 60 204 12.2 8.3 5.3 5.1 1.8 2.5

Al AC Cu H.S. Ti (406c)
0.06-.12 .04 .06 -. 14

.04 .20 .20 .04 .02
186 0.34g. and 401 0.03g. 422.3 60 2040 8.6 8.1 4.7 4.3 0.6 N.D.

Al Ag Cu s.s. Ti (406c
-0.52-.34-.28 -. 12 -. 12
.32 .38 .50 .20 .12

2-Phanylbenzoselenazole, No. 300B,
0-32g. and 4,4'-bisthiopicOlinBAmido0
diphenyl, No. 401, 0.05g. 415.9 60 204 7.3 15.4 9.7 12.1 N.F. N.F.

Al Ag Cu S.S. Ti (4000)
0.02 .30 1.50 .02

.04 .42 .10 .02
300B 0.32g. and 401 0.05g. 417.10 60 2040 8.4 23.6 15.8 26.2 11.8 0.8

Al Ag Cu A.S. Ti (4000)
0.12 .22 1.22 .16 .06

.06 .08 .12 .00 .02
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TABLE 15
Acid Behavior in an Oxidation of Bis-(2-ethylhexyl) Sebacate

at 2040C (400OF)

Total Oil Insoluble Oil Filtrate Isooctane Wash ofSystem Time, Neutralization Nputralization Neutralization Oil Insoluble Isooctane Precipitate Oil from Isooctane FiltrateHours No. A No. No. Neutralization % Neutralization Neutralization
- No. No. No,So Additive 24 14.9 1.5 10.5 12.9 0.06 47 0.10 50 7.4No Additive 48 18.9 2.7 17.0 18.1 0.05 64 0.63 40 12.7No Additive 60 24.8 1.7 19.5 24.4 0.07 48 2.1 57 14.4

Phenothiazine 24 2.0 2.4 3.0 1.2 0.49 N.D. 0.22 15 1.2
0.5%

Phenothiazine 48 2.7 2.8 3.7 2.3 0.61 3.2 0.48 17 2.0
0.5%,

Phenothiazine 60 5.9 3.0 8.6 5.2 0.77 4.7 0.50 27 3.2

Phenothiazine 24 2.1 3.3 3.0 1.5 0.93 2.8 0.54 13 1.51.0%

Phenothiazine 48 3.1 3#7 5.4 2.4 1.2 2.7 0.48 18 1.5

Phenothiazine 60 3.7 3.8 5.2 2.8 1.3 2.9 0.62 13 1.62.0%

Phenothiazine 24 2.3 4.0 3.5 1.3 1.9 3.2 1.4 7.2 1.0
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TABLE 16

Behavior of Insolubles in Oxidized Bis.-(2-ethylhexyl) Sebacate

Additive, CCL No., Concentration, Run Time, Temperature Kinematic Viscosity Insoluble Percentage
Metals Present and Weight Loss, Mo. Hours 0c Change,%, -Oil Iseectane Acetone Isoectahe

mg/cCM2 (OF) 54.5eC 100 C Wash Wash Precipitate
0

None, No Metals 388,1 24 204o 29.0 15.0 1.22 0.00 0.00 0.10
(400)

None, Al Ag Ou S.S. Ti 388.3 24 204 29.8 18.2 1.62 0.00 0.00 0.10
0.02 0.10 .24 0.00 0.00 (4000)

None, Mo Metals 388.2 48 2040 50.0 30.0 1.65 0.00 0.00 0.10

None, No Metals 389.1 48 204: 57.0 37.4 1.15 0.02 0.00 1.76
(400)

None, Al Ag Ou S.S.. Ti 388.4 48 2040 47.2 32.0 2.22 0.04 0.00
0.04 .10 .20 .00 .02 (&eqo) 4. 20 22 .4 00

Mone, Mo Metals 389.2 60 2040 58.4 36.6 1.40 0.03 0.00 2.73(4eo)

None, Mo Metals 391.1 60 20: 60.6 38.2 1.23 0.06 0.05 N.D.(400 )
None, ýLl Ag Cu S.S. Ti 391.2 60 2040 68.5 45.0 0.78 0.06 0.04 4.23

0.12 .24 .98 .04 .04 (40o)

b ± z No. 293, 0.125g. 408.1 60 204! 7.3 5.0 3.35 0.58 0.48 0.47
No Metal (4Ue )

293 0.25g., Al Ag Ou S.S. Ti 388.6 48 204 10.9 7.7 4.92 1.76 1.42 1.37
0.00 .20 .44 .06 -. 06 (4000)

293 0.25g., Mo Metals 388.7 60 204 6.0 3.9 3.61 1.36 1.07 0.60
(4oo )

293 0.25g., Ne Metals 388.5 48 2040 4.9 3.3 3.53 1.16 N.i). 0.43
(400)

293 0.25g.,No Metals 389.3 60 2040 8.3 3.2 4.93 1i49 1.20 0.76
(400:)

293 0.25g., No Metals 399.10 60 204w 5.1 3.3 2.97 1.28 1.03 0.57

(404.)
293 0.25g.,Al Ag Cu S.S. Ti 408.3 60 204w 13.6 8.4 2.51 0.33 0.23 1.11

-0.68-.76 .06-0.66-0.74 (400)

293 0.25g.,Al Ag Cu S.S. Ti 391.3 60 204: 18.0 11.9 5.63 2.08 1.56 1.23
0.10 .42 .66 .00 .06 (400)

293 0.25g., No Metals 390.3 24 2w 18.9 12.5 12.7 5.40 2.56 1.94

293 0.25g.,Al Ag Cu S.S. Ti 383.5 24 26 13.5 8.8 6.38 3.00 2.77 0.96
0.22 .74 .78 .22 .20 (50()

293 0.25g.,Al Ag Cu S.S. Ti 387.2 24 260' 12.7 8.5 6.40 2.76 2.4. 0.97
0.12 .46 .44 .04 .02 (5oo)

293 0.25g.,Al Ag Cu S.S. Ti 384.5 24 260e 14.9 9.4 6.60 3.25 2.93 0.64
0.10 .42 .82 .02 v.0

8  
(5o)

293 0.25g.,Al Ag Cu S.S. Ti 385.5 48 260: 33.8 22.4 12.39 9.02 8.79 1.99
0.24 .60 1.46 .18 .00 (500

p-Amioaiphwny1amj= No. 360 394.5 60 204e 19.0 13.0 2.70 1.02 0.87 1.04
0.

2
3g., No Metals (4000)

360 0.23g., Mo Metals 403.5 60 204e 15.4 11.2 3.0k 0.56 0.36 1.87
(4000)

360 0.23g., Cu 403.6 60 204@ 14.1 10.0 4.68 1.01 0.72 2.50
-0.08 (4oo')

a
360 0.24g., Al Ag Ou S.S. Ti 389.7 60 204' 16.3 10.7 3.42 1.28 1.08 1.00

0.20 .28 .26 .04 .02 (400o)

360 0.24g.,Al Ag Cu S.S. Ti 391.5 60 204 19.5 13.3 3.30 0.88 0.74 1.11
0.16 .50 .22 .06 .12 (400e)

360 0.25g.,Al AC Cu S.S. Ti 372.10 60 2040 19.6 13.6 N.D. 2.46
0.32 .56 .36 .16 .10 (400e)

360 0.25g.,Al Ag Ou S.S. Ti 373.10 48 232* 10.9 6.1 X.D. 2.96
0.10 .24 .50 .26 .00 (450)

N.D. Not Determined.
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Table 16. Behavior of Insolubles in Oxidized Bis-(2-etbylhevxl) Sebacate (Cont'd)

Additive, CML No., Concentration Run Time, Teperature Kiaesatic Viscosity Inseluble PercentameMetals Present and Weight Loss, Me. Hours &C Change, %y * Oil Iseoctano Acetone Iseectane
M mtca. (F) 54.h5C 100 C Wash Wash Precipitate

O- ediphennyloe, No. 360 390.7 24 2600 10.1 5.9 7.60 2.53 2.23 1.68.24., Al Ag Cu 8.S. Ti (500
0 j

0.32 .32 .56 .28 .28

360 0.25g.,Al Ag Cu B.S. Ti 381.4 24 260e 10.5 4.9 N.D. 3.30
0.12 1.02.52 .22 -. 04 (50o0)

360 0.25g.,Al Ag Cu 8.S. Ti 380.2 36 260' 17.0 9.9 M.D. 2.91
0.26 .21 .52 .36 .12 (5000)

360 0.25g.,Al Ag Cu 8.S. Ti 378.10 36 260! 7.7 4.9 M.D. 4.48
0.24 1.10 .66 .70 .02 (500e)

360 0.25g.,Al Ag Cu B.S. Ti 381.5 36 260e 9.0 5.5 N.D. 3.12
0.16 1.12 .80 .58 .30 (500e)

360 0.50g.,hl Ag Cu 8.S. Ti 380.3 36 260' 7.8 4.6 N.D. 3.09
0.36 1.20 1.14 .96 .26 (500e)

360 0.50g.,Al Ag Ou S.S. Ti 381.7 36 260' 8.1 4.2 N.D. 2.77
0.22 1.54 .86 .96 .10 (500p)

360 0.25g.,AI Ag Cu 8.S. Ti 381.6 48 260e 12.1 7.4 N.D. 4.42
0.28 .94 1.08 1.02 .08 (500e)

Di-2a=nhtWhvle, No. 383,
0.25g., Al Ag Cu S.S. Ti 372.3 60 204 16.8 9.9 N.D. 2.93

0.14 .24 1.02 .18 .16 (400P)

383 0.34O., Ne Metals 395.10 60 204! 28.4 18.8 2.40. 0.62 0.12 2.24(400:)O. 24
383 0.34g., No Metals 403.1 60 204 24.4 17.3 1.73 1.20 0.00 2.99

383 0.34g., Cu 403.2 60 2040 20.0 13.2 2.74 0.47 0.25 3.54
o.58 (4o00)

383 0.25g., Al Ag Ou S.S. Ti 373.3 48 232e 21.1 14.2 N.D. 3.50
0.22 .32 1.34 .46 .16 (4500)

383 0.25g.,Al Ag Cu 8.S. Ti 378.3 36 2600 33.6 23.2 N.D. 7.50
0.20 .64 1.28 .24 .02 (500e)

Ewmt i u, Mo. 293, 0.12g.,
R-galmeothylinerneli•ep No. 117, 386.7 24 2600 10.5 6.5 5.33 2.60 2.38 0.570.12g. Al Ag Cu s.S. Ti (500

0.04 .58 .56 .24 .08

293 0.12g., 117 0.12g.
Al Ag 8.S. Ti 386.8 24 260e 22.8 14.8 11.2 2.66 2.31 0.79

0.22.50 .3o .06 (500P)

293 0.25g., 117 5 drops
Al Ag Cu 8.S. Ti 383.6 24 2600 7.2 4.1 7.44 4.11 3.66 0.480.30 .98 .80 .38 .16 (500e)

293 0.25g., 117 5 drops 384.6 24 260' 4.1 2.4 6.87 3.58 2.68 0.35
Al Ag Cu S.S. Ti (500e)

0.10 .40 .38 .08 .00

293 0.25g., 117 5 drops 385.6 48 26 0e 10.2 6.5 5.40 2.87 2.60 0.59
Al Ag Cu S.S. Ti (500o)

0.22 1.08 1.22 .50 .44

S. azia No. 293, 0.12g.,
I-h or Mo No. 341, 383.7 24 2 60 e 10.0 5.9 4.75 2.38 2.87 0.760.12 g. Al Ag Cu S.S. Ti (500')

0.42 1.06 1.04 .60 .50

293 0.12g., 141 0.12g. 384.7 24 260o 9.1 5.1 4.36 2.19 1.88 0.70
Al Ag Cu S.S. Ti (500')
0.36.6o .36 .24 .lo
293 0.12g., 141 0.12g. 385.7 48 260' 17.7 10.7 6.43 2.49 2.20 1.49
Al Ag Cu S.S. Ti (500')

0.26 .82 1.60 .64 .56

N.D. Not Determined.
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Table 16. Behavior of Insolubles in Oxidized Bis-(2-ethylhexyl) Sebacate (Cont'd)

Additive, CCL Ne., Ceacentratien, Rum Time Temperature Kinematic Viscosity Insoluble Percentage

Metals Present and Weight loss, No. Hours eC Change,%, * Oil Iseoctane Acetone Is.octane
ag/cs (OF) 54.5eC 100 C Wash Wash Precipitate

Phenothiazine. No. 293, 0.12g.
v-AA n hdinhenyvemine, No. 360, 382.4 24 2600 11.4 5.2 1.84 2.31 2.02 2.37

0.12g., Al Ag Cu S.S. Ti (5000)
0.38 .76 .68 .28 .04

Phenothiazine. NB. 293, 0.10g.,
k-A&inodivhenvyXmIne Ne. 360,
0.10g., N-Aminoethvlmerph*l'ne. 388.9 60 204 5.5 4.1 3.16 0.89 0.69 0.55

Ne. 117, 5 drops (4000)
Al Ag Cu S.S. Ti

0.02 .34 .08 .00 .02

293 0.10g.,3
60 0.10g., 117 387.3 24 2600 24.7 15.3 10.06 3.46 2.98 0.74

5 drops, No Metals (500c)

293 0.10g., 360 0.10g., 117 387.4 24 2600 6.3 3.8 7.53 0.38 2.75 0.36

5 drops Al Ag Cu S.S. Ti (5000)
0.04 .66 .60 .16 .00

Phenothiazine No. 293, 0.10g.,
K-Ai�nd�h��N Me. 360,
0.05g., 2,2'-Dip~yridvy1=i= .

No. 128, 0.05g., andjLj=- 388.10 60 204 5.8 3.9 4.45 1.14 0.92 0.71

Mthe1mo z a.Ne. 117, 5 drops (4060)
Al Ag Cu S.S. Ti

0.04 .18 .06 .06 -,18

293 0.10g., 360 0.05g., 128
0.05g., 117 5 drops 387.5 24 2600 14.5 10.3 6.04 2.76 2.46 0.57
Be Metals (5000)

293 0.10, 360 0.05, 128 0.05, 0

117 5 drops 387.6 24 260 5.0 2.7 5.34 2.59 2.41 0.35
Sa Ag ou s.s. •i (5000)

0.12 .64 .58 .30 .00

Phenothiazine. N.. 293, 0.05g.,
p.-Ai Ihn3 = No. 360,

0.05g., 2'-DinrIdY~minr. 387.7 24 2600 20.5 15.5 11.12 3.85 3.03 1.15
No. 128 0.05g., N-Phevlnigernholine. (500°)
No. 141 0.05g. Al Ag Cu S.S. Ti

0.00 .34 .38 .12-.06

293 6.S5g., 360 0.05g., 128 0.05g.,
141 0.05g., 117 5 drops 387.8 24 260e 7.4 4.4 7.58 3.30 3.00 0.63

Al Ag Cu S.S. Ti (500e)
006 .36 .28 .04 .04

Phenethiazine. So. 293, 0.12g.
D i-2-naphthvlamine. No. 383, 382.3 24 260P 20.6 14.5 5.02 1.55 1.28 3.38
0.1.g., Al Ag Cu S.S. Ti (500P)

0.06 .60 .80 .02 .24

293 0.06, 383 0.07, 360 0.12g. 382.5 24 2600 12.8 7.9 5.97 2.44 2.12 10.79
Al Ag Cu S.S. Ti (5000)

0.12 184 .46 .36 .32
fPhenothazyne.Ne. 293, 0.25g.,
Di-2-ethvlhexvl hvdrozen 0

Phosphite No.ll, 5 dsops 382.8 24 260, 58.0 45.0 Not Filtezable
Al Ag Ou S.S. Ti (500)

0.04 .28 .74 -. 08 .08

Pnohiine, N.. 293, 0.125g,,
Barium Sulfenate Neutral Salt. 407.3 60 204 21.2 14.5 4.47 1.22 0.81 1.35

No. 398, 0.10g. Cu 1.28 (4000)

293 0.
2

5g., 398 0.10g. 407.4 60 m04e 13.5 10.0 2.76 0.41 0.31 1.32
Cu 0.36 (400")

293 0.
2

5g., 398 0.10g. 408.4 60 2040 12.8 8.8 2.87 0.50 0.38 1.02

l Ag Ku S.s. Ti (4000)
-. 64-.76 .22 -. 68-.82
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Table 16. Behavior of Insolubles in Oxidized Bis-(2-ethylhov1) Sebacate (Cont'd)

Additive, OCL Me., Ocentration, Run Time Teaperature Kinematic Viscosity Insoluble PrpautageMetals Present and Weight less, No. Hours c Change,%, Oil Isooctane Acetone Isoectanb
LI=2 (F) 54.5C 10 l C Wash Wash Precipitate

Mo. 293, 0.25g.
= = h-,at eNo. 379 382.6 24 260e 54.8 39.6 Mt Filterable 2.290,05g., Al Ag Cu 8.S. Ti (500e)

0.08 .50 .72 .12 .02

TZh iniza, No. 293, 0.20g.Staw•uas nhthenti. No. 373, 382.7 24 ý60e 14.1 8.7 6.53 1.75 1.56 1.970.05g., Al Ag Ou 8.S. Ti (500o)
0.06 .86 .82 .38 .00

ZPhe azine No. 293, 0.06g.,
k-Ii odSnha s xaN.. 360,
0.06g., Yaladl-=2-athyl hanmatnO
No. 379, 0.03g., 3asu& 382.10 24 260' 13.1 8.2 5.53 1.33 1.16 1.70awnhtho ,to No. 373, 0.03 g. (500)
DI-2-ethyvhenl hydrogen phoqphita.
No. 101, 5 drops
Al Ag Cu S.S. Ti

0.20 1.04 1.72 .92 .46

k-A!L!41Rh2Vjna, No. 360,0.12g., I-AmiMeth e noreholine, 391.6 60 204! 21.5 15.0 3.17 1.10 0.90 1.13No. 117, 0.10g. (4oo)
Ai Ag Ou 8.S. Ti

0.16 .42 .32 .12 .04

L-Apinedinhexylaw" NO. 360,0.12g., D-2-nanhthylmine, 383.9 24 260e 10.2 4.0 6.87 3.14 2.85 0.60No. 383, 0.12g. No. 117 5 drops. (500e)
Al Ag Ou S.S. Ti

0.18 1.10 .94 .46 .14

-A diphylaaineo.60,
0.12g..,p -AmiyeethmeorDhe liaOe. 384.9 24 260o 11.1 5.5 4.88 2.32 2.09 0.74
No. 117, 5 drops, Di-2-naphthvl- (5000)
S a 9s, No. 383, 0.12.
Al Ag Ou 8.S. Ti

0.06 .56 .40 .04 .02

360 0.12g., 117 5 drops, 385.9 48 2600383 0.12g. Al Ag Cu 8.S. Ti (5006) 12.8 6.6 7.82 3.02 2.76 0.92
0 .26 1.34 .82 .52 .00

-AinedjblenylueIno No. 360,
O.05g., i-27naphthylanine,
No. 383, 0.05g., ,_- y-
mmhtilm No. 117, 5 drops, 387.9 24 2601'.~"-flpi No. 128, (66) 13.6 10.6 11.43 3.64 3.18 0.71O.05g., &-Zhwxen MLrcline Noe.14L,
0.05g., Al Ag Cu 8.S. Ti

o.10 .30 .36 .06 .00

l-ASIpoothylmoroline. No. 117,O.10g., 2
,-D1q=MXI Oni,0.11g. 391.8 60 204e 20.4 14.7 6.01 3.75 3.12 0.82No. 128, Cu 0.22 (4000)

117 0.10g., 128 0.11g.
Al Ag Cu .S. Ti 391.7 60 2404 19.2 12.7 4.62 2.52 2.01 0.55

Q. 18 .48 .64 .14 .22 (406o)

SthvlI e"No. 383,
PTO'10g.,&Aj-Amo ethy~xorvho1ine.Mo. 117, 5 drops, j-2_b_ - 387.10 24 2600 10.8 7.0 8.75 3.18 2.78 0.81Rftr]h~lm No. 141, O.lOg. (5000)
Al Ag Ou 8.S. Ti

0.06 .68 .48 .10 .04

-AL-inediphenylamine, No* 360,
0.25g., Di-2-aethylbhexl hydrcge 0n
phoughitA No. 101, 5 drops 382.9 24 260* 22.1 13.0 8.12 2.92 2.54 2.04Al Ag Cu 8.S. Ti (500e)
Q30 .28 .66 .48 .06
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Table 16. Behavior of Insolubles in Oxidized Bio-(2-ethylhexyl) Sebacate (Cont'd)

Additive, CCL No., Concentration, Ibm Time, Temgeratui-e Kinematic Viscosity InsOluble Fercentaze

Metals Present and Weight Less No. Hours C Change,%, Oil Iseectane Acetone Iseectane

mg/=2 (F) 54.5C 100eC Wash Wash Precipitate

_Amninodiphenylamne. No. 360,
0.12, Di-2-ethylhexvl hYdoreen

pobhit, t e. 181, 5 drops, 383.8 24 260 12.6 7.0 4.72 1.86 1.58 0.97

Di-2-anahthlaa'ins. O.12g.?No. 383. (500)
Al Ag Cu S.S. Ti

0.32 .88 1.22 .72 .10

D-AmrodiphM e Ne. 360,
0.12g., Di-2-etmylheXyl hvdro2en
ph@shits No. 101, 5 drops, 384.8 24 260 13.5 7.3 4.46 1.89 1.64 0.88

Di-2-naghthylamine 0.12g.,No. 383. (5000)
Al Ag Cu S.S. Ti

0.02 .10 .84 .22 .00

360 0.12g., 101 5 drops, 385.8 48 260 45.5 29.3 15.3 3.40 2.51 3.45

383 0.12g., Al Ag Cu S.S. Ti (5000)
Al Ag Cu S.S. Ti

0.00 .16 .64 .02 -. 28

y-hj. nv15A•inAfA Ne. 360,
0.10g., Di-2-ethYVhexVl hvdreren

s t No. 101, 5 drops, 6
Di-2-nanhthylamine. No,. 383, 383.10 24 260 11.3 6.1 4.70 1.67 0.98 0.92

O.iOg., Stus nahthenate. (500e)

No. 373, 0.05g.
Al Ag Cu S.S. Ti

0.44 .76 1.24 .82 .44

360 0.10g., 101, 5 drops,
383 0.10g., 373 0.05g. 384.10 24 26 15.7 9.4 4.77 1.98 1.71 0.95

Al Ag ou S.S. Ti (500s)
0.38 .40 .76 .16 .00

360 0.1Og., 101, 5 drops,
383, O.10g., 373 0.05g. 385.10 48 2? 19.5 12.7 11.8 2.14 1.81 1.46

Al Ag Ou S.S. Ti (500e)
0.08 .80 2.28 .64 .12
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APPENDIX II. Code Numbers, Names, Index To Page Numbers and Source of Supply
of Additives and Fluids

(Number in parenthesis refers to Part Number of WADC TR 53-293. The number
following is the Page Number in the Part).

CCL No. Compound Index Source

3 Phenothiazine (VII) 36,52,59 Eastman Kodak Co.

5 N-Methylphenothiazine (VII) 52,55,59 E. I. duPont de Nemours
(VIII) 43,47 and Co.

CCL Synthesized

6a Thianthrene (VII) 37
(VIII) 18 E. I. duPont de Nemours

and Co.
10B Phenazine (VII) 35 E. I. duPont de Nemours

and Co.

6 N-Butyl-L>-aminophenol (VII) 60 E. I. duPont de Nemours

and Co.
17 Disalicylalpropylenediamine (VII) 30 E. I. duPont de Newmurs

and Co.

18 2',2'-Methylene-bis-(4-methyl-6- (VII) 38,53,56,59 American Cyanamid Co.
&-butylphenol

20 Propyl gallate (VII) 60 Heyden Chemical Co.

22 2,R.'-Dioctyldiphenylamine (VII) 27,28,42,43, B. F. Goodrich
51 Chemical Co.

(VIII) 16,48
23 2 , 6 -Di-t-butyl-4-methylphenol (VII) 38 Enjay Co., Inc.

S2,5-Di-it-butyl-hydroquinone (VII) 38,59 Tennessee Eastman Co.

52 Diphenylamine (VII) 27,49 Eastman Kodak Co.
(VIII) 43,47

53 Carbasole (VII) 34 The Matheson Co.

54 Phenothioxine (VII) 37 The Matheson Co.
(VIII) 16

57 Acridone (VII) 34 The Matheson Co.

58 Xanthone (VII) 37,38,47,50 The Matheson Co.

61 Phenyl-•A-naphthylamine (VII) 27,43,49,55,61 Shell Development Co.
(VIII) 17,39,41
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CCL No. Conpound Index Source

82 Acridine (VII) 34,35,42,44, The Matheson Co.
46,49,52,55,65

(vIII)21,24,26,27,30,
- 33,37,39,41,42,

49

87 2-Nitrodiphenylamine (VII) 28 American Cyanamid Co.
(VIII) 20,48

88 Triphenylamine (VII) 28,43 Eastman Kodak Co.
(VIII) 49

89 N-Metbylphenylamine (VIII) 49 Eastman Kodak Go.

97 Quinizarin (VII) 38 Eastman Kodak Co.

105 2-Amino-3-methylpyridins (VII) 32 Reilly Tar and
Chemical Co.

106 2-Amino-1-methylpyridile (VII) 32 Reilly Tar and
Chemical Co.

108 1-Cystine (VIII) 18 Eastman Kodak Co.

112 Triethanolaflne (VII) 29 Eastman Kodak Co.

117 N-Aaino ethy1Eorpholine (VII) 29(VIII) 26,,27,51,58 Carbide and Carbon
Chemical Division
Union Carbide and
Carbon Corporation

121 N,Nt-DiW-jacetylaminophenyl) (VII) 36 CCL Synthesized

124 Tetraethylthuiram disulfide (VIII) 19 Mnsanto Chemical Co.

128 2,2'-DipyrTidYlamine (VII) 32,33,34,42, Reilly Tar and
44,46,49,51, Chemical Co.
55,58,61

(VIII)I7, 24,26,31,
33,38,39,42

132 Pheal sulfide (VIII)16 Eastman Kodak Co.

133 Phenyl sulfoxide MVII) 37 Eastman Kodak Co.

140 N-Phenyl-2-naphthylamine (VII) 27 Eastman Kodak Co.
(VIII) 49

141 N.Phenylmorpholine (VII) 30,45,49 Eastman Kodak Co.

(VIII)31,34, 52
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CCL No. Compound Index Source

146 R.-Aminoacetamilide (VII) 30 Eastman Kodak Co.

148 2, 2'-Bibenzothiazole (VII) 37 CCL Synthesized

155 2,2'-Dithiobis-(benzothiazole) (VIII) 19 Monsanto Chemical Co.

156 4,4'-Thiobis(6-jrbutyl-&-cresol) (VII) 60 Monsanto Chemical Co.
(VIII) 19

159 N,N'-Diphenylthiourea (VII) 36 Monsanto Chemical Co.
(VIII) 20

160 Piperidinum-1-piperidine (VIII) 20 Monsanto Chemical Co.
carbodithioate

161 Dipheanylguanidine (VII)36,46,49 Monsanto Chemical Co.
(VIII ) 24,2•6, Z700..0

33

163 N-Cyclohezyl-2-benzo (VIII) 19 Monsanto Chemical Co.
thiazolesulfenanide

164 4,4'-Dithiodimorpholine (VII) 37 Monsanto Chemical Co.
(VIII) 20

177 Benzimidazole (VII) 35 Eastman Kodak Co.

182 5-Amino-l-naphthol (VII) 29,43 Eastman Kodak Co.

186 N,N'-Diphenyl-2-phenylene- (VII) 43 Eastman Kodak Co.
diamine (VIII) 21,44#50,53

199 2-Amino-4-(R-diphenyl) thiazole (VIII) 20 Eastman Kodak Co.

207 6-Amino-2-mercaptobenzothiazole (VIII) 19 Eastman Kodak Co.

208 2-Methylmercaptobenzothiazole (VIII) 18 Eastman Kodak Co.

211 N-Ethyl-l-naphthylamine (VII) 29 Eastman Kodak Co.

212 N-Methyl-l-naphthylamine (VII) 29 Eastman Kodak Co.

213 2-Methylbensothiazole (VIII) 17 Eastman Kodak Co.

220 N-Benzoyldiphenylaaine (VII) 29 CCL Synthesized

247 Diphenyl-3-pyridyl phosphate (VII) 38,54 Southwest Research
Institute

250 1,3-Di-n-butyl-2-thlourea (VII) 36 Eastman Kodak Co.

251 &-Dlphenylurea (VII) 36 Matheson, Coleman
and Bell
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CCL No. Compound Index Source

254 l,5-Diaminoanthraquinone (VII) 30 Matheson, Coleman
and Bell

255 2,6-Dianinopyridine (VII) 34 The Matheson Co.

256 2-Quinolinol (VII) 32 Eastman Kodak Co.

257 8-Quinolinol (VII) 32 Eastman Kodak Co.

260 N,N'-Di-2-naphthyl-R.-phenylene- (VII) 31,43,45,51,58 Eastman Kodak Co.
diamine (VIII)23,24,25,27,28,

29,35,36,39,41

261 l-Naphthylamine (VII) 29,48 Eastman Kodak Co.

262 2-Naphthylamine (VII) 29,49 Eastman Kodak Co.

264 Chrysazin (VII) 38 General Aniline and
Film Corp.

271 Dilauryl selenide (VIII) 17 California Research
Corp.

282PCA Phenyl selenide (VII)37,47,48,52, 56 Eastman Kodak Co.
PCB (VIII)16,37,38,39

292 2,6-Ditertiary butyl-4-methyl- (VII) 53,57,60 Tennessee Eastman Co.
phenol

293 Phenothiazine (Distilled) (VII) 36,52,55,59 CCL Synthesized
(VIII)2l, 52, 54,56,v57,

58
296 Phenoselenazine (VII) 53,56 Peninsular ChemResearch,

Inc.

299 2-Phenylnaptho(2,1) thiazole (VIII) 19 Peninsular ChemResearch,
Inc.

300B 2-Phenylbenzoselenazole (VII)37,47,48, 53,56 Peninsular ChemResearch,
(VIII)17,24,26,27,37, Inc.

38,40,54,55

303B o.,o'-Dinitrodiphenyl diselenide (VIII) 19 Peninsular ChemResearch,
Inc.

307 Di-(2-hydroxy-l-naphthyl) selenide (VIII)18,38,40 Peninsular ChemResearch,
Inc.

308 1,4,2-Benzoselenazin-3-one (VII) 53,56 Peninsular ChenResearch,
(VIII)38,40,46 Inc.

314 2,2'-Dibiphenyl diselenide (VIII) 16 Peninsular ChemResearch,
Inc.

318 N-Phenyldibensylamine (VII) 28 Eastman Organic
Chemicals
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CCL 11. Compound Index Source

319 Dilauryl diselenide (VII) 48 Peninsural ChemResearch,

Inc.

320 Benzyl sulfide (VIII) 18 Eastman Organic
Chemicals

321 Benzyl disulfide (VIII) 17 Eastman Organic
Chemicals

322 Phenyl disulfide (VIII) 19 Eastman Organic
Chemicals

323 Diphenyl diselenide (VII) 48 Eastman Organic
(VIII) 17 Chemicals

324 Morpholine diselenide (VII) 37,53,56 Monsanto Chemical Co.
(VIII) 17

326 Diphenylguanidine phthalate (VII) 36 Monsanto Chemical Co.

327 Diphenylguanidine (VII) 36 Monsanto Chemical Co.

330 Zinc diethyldithiocarbamate (VII) 47 Monsanto Chemical Co.

332 Thiocarbanilide (VII) 44,46 Monsanto Chemical Co.
(VIII) 36

340 N,N'-Diphenylbenzidine (VII) 29,58 Eastman Organic

Chemicals

341 N-Phenylphthalimide (VII) 36,,58 Eastman Organic

Chemicals

342 1,5-Dihydroxyanthraquinone MVII) 38,61 Eastman Organic
Chemicals

343 W-Hydroxy-a-methylacetanilide (VII) 51,955,61 Eastman Organic
Chemicals

344 N,N'-Ethylenebisbensamide (VII) 58 Eastman Organic

Chemicals

345 4,4'-Dihydroxybiphenyl (VII) 61 Eastman Organic
Chemicals

348 N,N'-Di-(L.-methyl)-p-phenylene- (VII) 31,44 E. I. duPont de Nemours
diamine and Co., Jackson Lab.

349 N-Phenyl-N'-(R.-aethylphenyl)-g- (VII) 31 E. L, duPont de Kemours
phenylenediamine and Co., Jackson Lab.

350 N,N'-Di-(2-methyl-3-chlorophenyl)- (VII) 32,46,50 E. I. duPont de Nemours
2-phenylenediamine (VIII)29, 32,36 and Co., Jackson Lab.

351 N,N'-Dicyclohexyl-p-phenylene- (VII) 31 E. I. DuPont 4e N-mours
diamine (VIII) 25,27 and Co., Jackson Lab.
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CCL No. Compound Index Source

352 N,N'-Diphenyl-1,4-benzoquinone- (VII) 32,44 E. I. duPont deNemours
diamine and Co.

354 Diphenyl-di-R-biphenylsilane (VII) 38 Wright Air Development
Center

356 Triphenyl-2-phenylsilane (VII) 39 Wright Air Development
(VIII) 31 Center

359 2-Nitrosodiphenylamine (VII) 28 Hercules Powder Co.

360 R-Aminodiphenylamine (VII)28,43,45,49 Hercules Powder Co.
(VIII)26, 27,31,32,

34,36,43,44,
47,48,55,56,
58,59

365 Triphenylphosphite (VII) 38,47,50,54 Eastman Kodak Co.
65

367 o-Aminodiphenyl (VIII) 44,50 Matheson, Coleman and
Bell

369 2,6-Di-tgrt-butyl phenol (VII)53,56,60 Wright Air Jevelopment
Center

370 4,4'-Methylene-bis-2,6-ditertiary (VII) 47,53,56,59 Wright Air Development
butyl phenol (viii) 21,46 Center

371 4-Hydroxy-3,5-di-=te-butyl benzyl (VII) 45,48,51,55, Wright Air Development
dimethylamine 58,59 Center

(VIII)I8,39,42

372 2,4-bis-(phenylmercapto) toluene (VII) 52,56 Wright Air Development
(VIII) 20,31,34,46 Center

373 Stannous naphthenate (VII) 39,47,54,57, Thermit Corp. Research
60 Laboratory

(VInI)36

374 Ferrocene (VII) 39,47,54,57, Wright Air Development
60 Center

375 Morgan's Base (Dibenzoacridine) (VII) 35 CCL Synthesized
(VIII) 30,33

377 Thianol (VII) 60 CCL Synthesized

378 Lithium salt of Thianol (VII) 60 CCL Synthesized

379 Vanadyl-2-ethyl hexoate (VIII) 24,46 Wright Air Development
Center
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CCL No. Compound Index Source

383 Di-2-naphthylamine (VIII)24,3l,34,44, American Cyanamid Co.
45,50,56,58

385 Age Rite Resin D (VIII) 45,51 B. F. Goodrich Co.
(a polymer of trimethyldihydro-

quinoline)

386 Age Rite Resin (VIII) 45.51 B. F. Goodrich Co.
(a condensation product of aldol
and Ljh-naphthylamine)

387 Age Rite Hipar (VIII) 45,51 B. F. Goodrich Co.
(50% phenyl-e "a-naphthylamdne,

20% N, N'-diphenyl-k-phenylene-
diamine and 30% R-isopropoxy-
diphenylamine)

388 Age Rite H.P. (VIII) 45,51 B. F. Goodrich Co.
(67% Phenyl-beta-naphthylamine,
33% N, N'-diphenyl-k-phenylene-

diamine)

389 Age Rite Stalite H (VIII) 45,50 B.F. Goodrich Co.
(Di-octylated-R-phenylene-

diamine)

390 k-Isopropoxydiphenylamine (VIII) 44,48 B. F. Goodrich Co.

395 Copper sebacate, 2,2'-Dipyridyl- (VIII) 37 CCL Synthesized
amine Complex

398 Na Sul BSN-Barium Sulfate (VIII) 52 R. T. Vanderbilt Co,,
(Neutral salt in 50% Di-(2-ethyl- Inc.

hexyl) sebacate)

399 Cadmium diamyl dithiocarbamte (VIII) 20,52 R. T. Vanderbilt Co.,
(100%) Inc.

401 4,4'-Bisthiopicolinamido diphenyl (VIII) 21,52 Wright Air Development
Center
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Fluids

CCL No. Fluid Medium Index Source

2 Bis-(2-ethylhexyl) sebacate (VII) 59-61 Rohb and Haas Co.
(VIII) 47-59 Plexol 201

170 DC Silicone 550 (VII) 43-44 Dow Corning Corp.

298 G.E. Silicone No. 81406 (VII) 45-47 General Electric Co.
(MW 53-446) (VIII)35-36

316 Tris-(_o-chlorophenyl) phosphate (VII) 62 Southwest Research
(MLO 9522) Institute

336 DC Silicone, XF258 (VII) 26-42 Wright Air Development
(MLO 9840) (VIII) 42 Center

337 Phenyl-o-chlorophenyl phosphate (1:2) (VII) 63 Wright Air Development
(MU) 9579) Center

338 Tris-(chlorophenyl) phosphate (1:1 ortho (VII) 62 Wright Air Development
mete) (MW 9582). Center

339 Pentaerythritol Ester, Hercules J-19 (VII) 51-54 Wright Air Development
(MW 55-584) (VIII)43-46 Center

346 Tris-(&-chlorophenyl) phosphate (VII) 64-65 Wright Air Development
(MLO 9533) Center

347 Diphenyl-c6-chlorophenyl phosphate (VII) 63-64 Wright Air Development
(Ma 9574) Center

357 Tetrakis-n-dodecyl silane (VII) 48-50 Metal and Thermit Co.
(MW 54--408D)

366 Bis-(1-methyl cyclohexylmethyl) sebacate Wright Air Development
(MW 55-796-1) First Batch (VII) 55 Center
(MLO 55-796-2) Second ]tch (VII) 55-57

368 Silane (VII) 50 Wright Air Development
(MLO 56-280) (VIII)41-42 Center

380 Fluid P-60 (First Batch) (VIII) 22-24 Wright Air Development
,Center

381 n-Octadecyl-tri-n-octyl silane (VIII) 39-40 Wright Air Development
(MWo 56-579) Center

382 Di-n-dodecyl-di-n-octyl silane (VIII) 38 Wright Air Development
(MWo 56-611) Center

392 Versilube F-50 Silicone (VIII) 28-32 Wright Air Development
Center
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CCL No. Fluid Medium Index Source

393 Fluid FP-60 (Second Batch) (VIII) 25-27 Dow Corning Corp°
400 Mineral Oil, MLO 57-30 (VIII) 16-21 Wright Air Development

Center
402 Didodecyl dioatyl silne (VIII) 37 Wright Air Development

Center
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